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Total  Amount  of  Sunshine  registered  in  each  Hour  of  the  Day  in  each  month   ....  (Hv) 
Earth  Thermometers  : — 

(I.)  Reading  of  a  Thermometer  -whose  bulb  is  sunk  to  the  depth  of  25  •  6  feet  (24  French 

feet)  below  the  surface  of  the  soil,  at  Noon  on  every  Day (Iv) 

(11.)  Eeadingof  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  12-8  feet  (12  French 

feet)  below  the  surface  of  the  soil,  at  Noon  on  every  Day (Iv) 

(III.)  Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  6  •  4  feet  (6  French 

feet)  below  the  surface  of  the  soil,  at  Noon  on  every  Day     .      .            (Ivi) 

(IV.)  Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  3  -2  feet  (3  French 

feet)  below  the  snrface  of  the  soil,  at  Noon  on  every  Day (Ivii) 

(V.)  Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  1  inch  below  the 

surface  of  the  soil,  at  Noon  on  every  Day (Iviii) 

(VI.)  Reading  of  a  Thermometer  within  the  case  covering  theDeep^sunk  Thermometers, 

whose  bulb  is  placed  on  a  level  with  their  scales,  at  Noon  on  every  Day      ....  (Iviii) 

Abstract  of  the  Changes  of  the  Direction  of  the  Wind,  as  derived  from  Osier's  Anemometer  (Ix) 
Mean  Hourly  Measures  of  the  Horizontal  Movement  of  the  Air  in  each   Month,   and 
Greatest   and  Least   Hourly  Measures,    as    derived   from   the    Records   of   Robinson's 

Anemometer ' (jxi) 

Amount  ol'  Ruin  collected  in  each  Jlonth  by  the  different  Rain  Gauges (Ixii) 

Observations  of  Luminous  Meteors (Ixiii) 

Appendix  : — 

Mean  Temperature  of  the  Air  at  every  Hour  of  the  Day,  in  each  year  from  1849  to  1868  .  (Ixxi) 
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Introduction. 
§  I.  Buildings  of  tlie  Magnetic  Ohsermtory. 


In  consequence  of  a  representation  by  the  Astronomer  Royal,  dated  1836, 
January  12,  and  a  memorial  by  the  Board  of  Visitors  of  the  Royal  Observatory, 
dated  1836,  February  26,  addressed  to  the  Lords  Commissioners  of  the  Admiralty, 
an  additional  space  of  ground  on  the  south-east  side  of  the  former  boundary  of 
the  Observatory  grounds  was  inclosed  from  Grreenwich  Park  for  the  site  of  a 
Magnetic  Observatory,  in  the  summer  of  1837;  and  the  Magnetic  Observatory 
was  erected  in  the  spring  of  1838.  Its  nearest  angle  in  its  present  form  is  about 
174  feet  from  the  nearest  point  of  the  S.E.  dome,  and  about  30  feet  from  the  office 
of  Clerk  of  "Works.  It  is  based  on  concrete  and  built  of  wood,  united  for  the  most 
part  by  pegs  of  bamboo ;  no  iron  was  intentionally  admitted  in  its  construction,  or  in 
subsequent  alterations.  Its  form,  as  originally  built,  was  that  of  a  cross  with  four 
equal  aiTQS,  very  nearly  in  the  direction  of  the  cardinal  magnetic  points  as  they  were 
in  1838 ;  the  length  within  the  walls,  from  the  extremity  of  one  arm  of  the  cross  to 
the  extremity  of  the  opposite  arm,  was  40  feet,  the  breadth  of  each  arm  12  feet.  In 
the  spring  of  1862,  the  northern  arm  was  extended  8  feet.  The  height  of  the  walls 
inside  is  10  feet,  and  the  ceiling  of  the  room  is  about  2  feet  higher.  The  northern 
arm  of  the  cross  is  separated  from  the  central  square  by  a  partition,  so  as  to  form  an 
ante-room,  which  is  occupied  by  computers  of  the  Magnetical  and  Meteorological 
Department.  The  meridional  magnet  for  observations  of  absolute  declination, 
formerly  used  also  for  observations  of  variations  of  declination,  (placed  in  its  position 
in  1838),  is  mounted  in  the  southern  arm  ;  and  the  theodolite  by  which  the  magnet- 
collimator  is  viewed,  and  by  which  circumpolar  stars  for  determination  of  the  astro- 
nomical meridian  are  also  observed,  (for  which  observation  an  opening  is  made  in  the 
roof,  with  proper  shutters,)  is  in  the  southern  arm,  near  the  southern  boundary  of  the 
central  square.  The  bifilar  magnet,  for  variations  of  horizontal  magnetic  force 
(erected  at  the  end  of  1840),  was  mounted  near  the  northern  wall  of  the  eastern-arm ; 
and  the  balance-magnetometer,  for  variations  of  vertical  magnetic  force  (erected  in 
G  910.  a  2 
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1841)  was  mounted  near  the  northern  wall  of  the  western  arm.  Important  changes 
have  subsequently  been  made  in  the  positions  of  these  instruments,  as  will  be  men- 
tioned below.  The  sidereal-time-clock  is  in  the  south  arm,  near  the  south-east 
re-entering  angle.  The  fire-grate  (constructed  of  copper,  as  far  as  possible.)  is  near 
the  north  end  of  the  west  side  of  the  ante-room.  Some  of  these  fixtures  may  contain 
trifling  quantities  of  iron ;  and,  as  the  ante-room  is  used  as  a  computing  room,  it  is 
impossible  to  avoid  the  introduction  of  iron  in  small  quantities ;  great  care,  however, 
is  taken  to  avoid  it  as  far  as  possible. 

In  1864,  a  room,  called  the  Magnetic  Basement,  was  excavated  below  the  whole  of 
the  Magnetic  Observatory  except  the  ante-room  ;  the  descent  to  it  is  by  a  staircase 
close  to  the  south  wall  of  the  western  arm  of  the  building. 

For  the  theodolite,  a  brick  pier  was  built  from  the  gj-ound  below  the  floor  of  the 
Basement,  rising  through  the  ceiling  into  the  south  arm  of  the  upper  room,  and 
supporting  the  theodolite  in  exactly  the  same  position  as  before. 

Instead  of  a  single  meridional  magnet  performing  the  double  functions  of  "  magnet 
for  determining  absolute  magnetic  declination."  and  "magnet  carrying  a  mirror  for 
photographic  register,"  there  are  now  two  meridional  magnets,  one  in  the  Upper 
Room  and  one  in  the  Basement.  The  upper  (original)  magnet  is  in  a  position  about 
10  inches  north  of  its  former  position ;  it  carries  a  collimator,  for  observation  by  the 
theodolite ;  but,  in  reversion  of  position  of  the  collimator,  the  collimator  is  always 
either  above  or  below  the  magnet,  so  that  the  magnet  is  always  in  the  same  vertical. 
The  lower  magnet,  procured  in  the  year  1864,  is  in  nearly  the  same  vertical  with  the 
upper  magnet ;  it  carries  the  mirror  for  the  photographic  register  of  the  continual 
chano'es  of  declination.  A  massive  brick  pier  is  built  in  the  south  arm  of  the  Base- 
ment, covered  by  a  stone  slab ;  upon  it  is  fixed  the  gun-metal  stand  carrying  the 
photographic  lamp,  and  the  slit  through  which  it  shines ;  from  the  stone  slab  rise 
three  smaller  piers,  upon  which  crossed  slates  are  placed ;  and  from  these  rises  a 
small  pier  through  the  ceiling,  to  the  height  of  18  inches  above  the  upper  floor, 
carrying  the  suspension  pulleys  of  the  lower  magnet ;  the  skein  of  silk,  which  supports 
the  lower  magnet,  passes  through  a  hole  in  one  of  the  slates.  Upon  the  slates  on  the 
brick  piers  rest  the  feet  of  the  original  wooden  stand  carrying  the  suspension  of  the 
upper  magnet.  As,  from  time  to  time,  the  wooden  stand  has  been  shifted  slightly  to 
the  west,  with  change  of  the  magnetic  meridian,  its  western  support  had,  in  course  of 
time,  reached  such  a  position  that  it  became  necessary  in  1876  to  place,  on  the  top  of 
the  original  slate,  another,  bound  by  brass  cramps  to  the  brick  pier,  but  projecting 
further  west.     On  this  the  support  of  the  wooden  stand  now  rests. 

The  bifilar-magnetometer  is  in  the  Basement,  in  a  position  vertically  below  its 
former  position.  A  massive  brick  pier,  surmounted  by  a  thick  slab  of  stone  (upon 
which  the  metal  stand  carrying  the  photograph  lamp  and  slit  is  fixed;  supports 
a   pier   consisting  of  a   back   and    return-sides,  which   rises   through   the   ceiling 
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about  2  feet  above  tlie  upper  floor,  and  is  crowned  by  a  slate  slab  tliat  carries  tlie 
suspension  of  tlie  bifilar-magnetometer. 

The  vertical-force  magnetometer  is  in  the  Basement,  in  a  position  vertically  below 
its  former  position ;  it  rests  upon  a  brick  pier,  capped  by  a  tliick  stone ;  to  which 
also  is  fixed  the  plate  of  metal  with  slit  through  which  passes  the  light  of  the 
photographic  lamp. 

To  the  lower  part  of  the  theodolite-pier,  within  the  Basement,  are  fixed  telescopes 
for  eye-observation  of  the  bifilar  and  vertical-force  magnetometers.  They  are  pro- 
tected from  accidental  violence  by  guards  fixed  to  the  floor,  first  attached  on  1871, 

May  2. 

At  the  south-east  re-entering  angle  of  the  Basement  (which  has  been  rebated  for 
the  purpose)  is  the  horizontal  photographic  cylinder,  which  receives  the  traces  of  the 
movements  of  the  declination-magnet  and  the  bifilar-magnet.  The  angle  is  so  far  cut 
away  that  the  straight  line  joining  their  suspensions  passes  at  the  distance  of  one 
foot  from  the  wall,  and  thus  the  cylinder  receives  the  light  from  the  concave  mirrors 
carried  by  both  instruments,  at  right  angles  to  its  surface.  The  vertical  cylinder 
which  receives  the  traces  of  the  movements  of  the  vertical-force-magnet,  and  of  the 
self-reo-istering  barometer  near  it,  is  east  of  the  vertical  force  pier. 

In  the  south-east  corner  of  the  eastern  arm  is  placed  the  apparatus  for  self -regis- 
tration of  the  spontaneous  galvanic  currents  on  the  wires  leading  respectively  from 
Angerstein  Wharf  to  Lady  Well  Station  (on  the  Mid  Kent  Railway),  and  from  North 
Kent  Junction  (on  the  Greenwich  Railway)  to  Morden  College  end  of  the  Blackheath 
Tunnel  (on  the  North  Kent  Railway).  The  stiaight  lines  connecting  these  points 
intersect  each  other  nearly  at  right  angles,  at  a  point  not  far  distant  from  the 
Observatory  (see  §  12  below). 

The  mean-time-clock  is  on  the  west  wall  of  the  south  arm  of  the  Basement. 

Adjoining  the  north  wall  is  the  table  for  photographic  operations.  Much  water 
is  used  in  these  operations,  and  therefore  a  pump  is  provided  in  the  grounds  at  a 
distance  of  about  30  feet  from  the  nearest  magnetometer,  by  which  the  water  is 
withdrawn  from  the  cistern  at  the  east  end  of  the  photographic  table  and  at  once 
discharged  into  a  covered  drain. 

Near  the  west  end  of  the  photographic  table  and  fixed  to  the  north  wall  is  the 
Sidereal  Standard  Clock  of  the  Astronomical  Observatory,  Dent  1906,  communicating 
with  the  Chronograph  and  other  clocks  in  the  Astronomical  Department  by  galvanic 
wires.     It  was  established  in  this  position  at  the  end  of  May  1871. 

The  Basement  is  warmed  by  a  gas-stove,  and  ventilated  by  a  large  copper  tube 
nearly  two  feet  in  diameter,  receiving  the  flues  from  the  stove  and  all  the  lamps,  and 
passing  through  the  upper  room  to  a  revolving  cowl  above  the  roof.  Bach  of  the 
arms  o°f  the  basement  has  a  window  facing  the  south,  but  in  general  the  window- 
wells  are  closely  stopped. 
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The  variations  in  the  temperature  of  the  instruments  have  been  greatly  reduced  by 
their  location  within  this  Basement. 

On  the  outside  of  the  Magnetic  Observatory,  near  the  north-east  corner  of  the 
ante-room,  a  pole  79  feet  in  height  is  fixed,  for  the  support  of  the  conducting  wire 
to  the  electrometers ;  the  electrometers,  &c.,  are  planted  in  the  window-seat  at  the 
north-end  of  the  ante-room. 

The  apparatus  for  naphthalizing  the  gas  used  in  the  photographic  registration  is 
mounted  in  a  small  detached  zinc-built  room,  erected  in  1863,  near  the  west  side  of 
the  ante-room.  The  use  of  the  naphthalizing  process,  which  had  been  discontinued 
in  the  years  1865  to  1870,  has  since  1871  been  resumed. 

In  1863,  a  range  of  seven  rooms,  usually  called  the  Magnetic  Offices,  was  erected 
near  the  southern  fence  of  the  grounds,  as  it  existed  at  that  time  ;  an  addition,  how- 
ever, was  made  to  the  groiinds  in  1868.  carrying  the  fence  100  feet  further  south. 
Since  the  summer  of  1863,  observations  of  Dip  and  Deflexion  have  been  made  in  the 
westernmost  of  these  rooms.  No.  7.  On  1871.  December  1,  the  Watchman's  Clock 
was  moved  from  the  Quadrant  Passage  of  the  Astronomical  Obsei-vatory  to  Magnetic 
Office  No.  3,  and  on  1872,  November  14,  it  was  again  moved  from  Office  No.  3  to 
No.  1.  Nos.  2,  3,  and  4  are  now  used  as  Photographic  Offices  in  connection  with 
the  Photoheliograph  placed  in  a  dome  adjoining  No.  3  on  the  south  side. 

At  the  distance  of  28  feet  south  (magnetic)  from  the  south-east  angle  of  the 
southern  arm  is  an  open  shed  about  10"  6""  square,  supported  by  four  posts  at  the 
height  of  8  feet,  with  an  adjustible  opening  at  the  center  of  the  roof.  Under  this 
shed  are  placed  the  large  dry-bulb  and  wet-bulb  thermometers,  with  a  photographic 
cylinder,  whose  axis  is  vertical,  between  them ;  and  external  to  these  are  the  gas 
flames,  whose  light  passing  through  the  thermometer-tubes  above  the  (juicksilver 
makes  photographic  traces  upon  the  paper  which  covers  the  cylinder. 

For  better  understanding  of  these  descriptions,  the  reader  is  referred  to  the 
Descriptions  of  Buildings  and  Grounds  with  accompanying  Maps,  attached  to  the 
Volumes  of  Astronomical  Observations  for  the  years  1845  and  1862. 

§  2.   C/^^jjer  Declhmtioiv-Magnet  and  Ajp^Jaratus  for  observing  it. 

The  theodolite,  with  which  the  meridional  magnet  is  observed,  is  by  Simms :  the 
radius  of  its  horizontal  circle  is  8"3  inches :  it  is  divided  to  5' ;  and  is  read  to  5",  by 
three  verniers,  carried  by  the  revolving  frame  of  the  theodolite.  The  fixed  frame 
stands  upon  three  foot-screws,  which  rest  in  brass  channels  let  into  the  stone  pier 
that  stands  upon  the  brick  pier  rising  from  the  ground  of  the  Magnetic  Basement. 
The  revolving  frame  carries  the  Y's  (with  vertical  adjustment  at  one  end)  for  a 
telescope  with  transit-axis :  the  length  of  the  axis  is  10^  inches :  the  length  of  the 
telescope  21   inches :  the  aperture  of  the  object  glass  2  inches.     The  Y's  arc  not 
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earned  immediately  by  the  T  head  which  crosses  the  vertical  axis  of  the  revolving 
frame,  but  by  pieces  supported  by  the  ends  of  that  T  head,  and  projecting  hori- 
zontally from  it :  the  use  of  this  construction  is  to  allow  the  telescope  to  be  pointed 
sufficiently  high  to  see  S  UrsEe  Minoris  above  the  pole.  The  eye-piece  of  the  telescope 
carries  only  one  fixed  horizontal  wire,  and  one  vertical  wire  moved  by  a  micrometer- 
screw.  The  opening  in  the  roof  of  the  building  permits  the  observation  of  circum- 
polar  stars,  as  high  as  o  Ursse  Minoris  above  the  pole,  and  as  low  as  /3  Cephei  below 
the  pole. 

For  supporting  the  magnet,  a  braced  wooden  tripod-stand  is  provided,  whose  feet, 
as  above  described,  rest  upon  slates  covering  brick  piers  in  the  Magnetic  Basement. 
Upon  the  cross-bars  of  the  stand  rests  a  double  rectangular  box  (one  box  completely 
inclosed  within  another),  both  boxes  being  covered  with  gilt  paper  on  their  exterior 
and  interior  sides.  On  the  southern  side  of  the  principal  upright  piece  of  the  stand 
is  a  moveable  upright  bar,  turning  in  the  vertical  B.  and  W.  plane,  upon  a  pin  in 
its  center  (which  is  fixed  in  the  principal  upright),  and  carrying  at  its  top  a  brass 
frame  supporting  two  pulleys  for  suspension  of  the  magnet;  this  construction  is 
adopted  as  convenient  for  giving  an  E.  and  W.  movement  (now  very  rarely  required) 
to  the  point  of  suspension,  by  giving  a  motion  to  the  lower  end  of  the  bar.  The 
pulleys,  whose  axes  are  B.  and  W.,  project  one  on  the  north  side  of  the  moveable 
upright,  the  other  on  the  south  side,  and  are  adapted  to  carry  a  flat  leather  strap. 
Formerly  this  strap  was  attached  directly  to  the  suspension  skein,  but  at  the 
beginning  of  the  present  year  this  manner  of  attachment  was  changed.  The  end  of 
the  strap  depending  from  the  north  pulley  is  now  connected  to  a  square  wooden  rod 
sliding  in  the  corresponding  squared  hole  of  a  fixed  wooden  bracket.  The  suspension 
skein  is  attached  to  the  lower  end  of  the  wooden  rod,  so  that  in  raisino-  or  lowering 
the  magnet  carrier  (necessary  in  some  operations)  no  alteration  is  made  in  the  free 
length  of  the  suspension  skein.  The  strap  passes  from  the  north  pulley  over  the 
south  pulley,  and  thence  downwards  to  a  small  windlass,  fixed  to  the  lower  part  of 
the  moveable  upright.  The  height  of  the  two  pulleys  above  the  floor  is  about 
11  ft.  4  in.,  and  the  height  of  the  magnet  is  about  2  ft.  11  in.;  the  leno-th  of  the 
rod,  carrying  at  its  upper  end  the  torsion  circle,  and  at  its  lower  end  the  cradle 
supporting  the  magnet,  is  1  ft.  4  in. ;  and  the  length  of  strap  and  rod  below  the  north 
pulley  is  about  1  ft.  3  in. ;  so  that  the  length  of  the  free  suspending  skein  is  about 
5  feet  10  inches. 

The  magnet  was  made  by  Meyerstein,  of  Gottingen :  it  is  a  bar  2  feet  long,  li  inch 
broad,  and  about  ^  inch  thick :  it  is  of  hard  steel  throughout.  The  magnet-carrier 
was  also  made  by  Meyerstein,  but  it  has  since  been  altered  by  Simms.  The  mao-net 
is  inserted  sideways  and  fixed  by  a  screw  in  the  double  square  hook  which  constitutes 
the  lower  part  of  the  magnet-carrier.  This  lower  part  turns  stifily  on  a  vertical  axis, 
independently  of  the  upper  part,  and  carries  with  it  the  graduated  torsion  circle : 
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to  the  iippei-  part  is  fixed  the  vernier  for  reading  the  circle.  The  npper  part  of  the 
magnet-carrier  is  simply  hooked  into  the  skein. 

The  suspending  skein  was  originally  of  silk  fibre,  in  the  state  in  which  it  is  first 
prepared  by  silk  manufacturers  for  further  operations ;  namely,  when  seven  or  more 
fibres  from  the  cocoon  are  united  by  juxtaposition  only  (without  twist)  to  form  a 
single  thread.  The  skein  was  strong  enough  to  support  perhaps  three  times  the 
weight  of  the  magnet,  &c. 

In  the  summer  and  autumn  of  1S64,  an  attempt  was  made  to  suspend  the  magnet 
by  a  steel  wire,  capable  of  supporting  the  weight  15  lbs. ;  but  the  torsion  force  was 
found  to  be  so  large  as  greatly  to  diminish  the  value  of  the  observations ;  and  the 
skein  was  finally  restored  on  1865,  January  20.  A  similar  attempt  was  made  for 
suspension  of  the  lower  magnet ;  the  skein,  however,  was  restored  on  1865, 
January  30. 

Upon  the  upper  magnet  there  slide  two  lu-ass  frames,  firmly  fixed  in  their  places 
by  means  of  pinching-screws.  One  of  these  contains,  between  two  plane  glasses, 
a  cross  of  delicate  cobwebs ;  the  other  holds  a  lens  of  13  inches  focal  length  and 
nearly  2  inches  aperture.  This  combination,  therefore,  serves  as  a  reversed  telescope 
without  a  tube :  the  cross  of  cobwebs  is  seen  very  well  with  the  theodolite-telescope, 
when  the  suspension-bar  of  the  magnet  is  so  adjusted  as  to  place  the  object-glass 
of  the  reversed  telescope  in  front  of  the  object-glass  of  the  theodolite,  their  axes 
coinciding.  The  wires  are  illuminated  by  a  lamp  and  lens  at  night,  and  by  a 
reflector  during  the  day. 

In  the  original  mounting  of  this  magnet  the  small  vibrations  were  annihilated  by 
a  copper  oval  or  "  damper,"  thus  constructed :  A  copper  bar,  about  one  inch  square, 
is  bent  into  a  long  oval  form,  intended  to  encircle  the  magnet  (the  plane  of  the  oval 
curve  being  vertical).  A  lateral  bend  is  made  in  the  upper  half  of  the  oval,  to  avoid 
interference  with  the  suspension-piece  of  the  magnet.  The  effect  of  this  damper  was, 
that  after  every  complete  or  double  vibration  of  the  magnet,  the  amplitude  of  the 
oscillation  is  reduced  in  the  proportion  of  5  :  2  nearly. 

On  mounting  the  photographic  magnetometer  in  the  basement,  the  damper  was 
removed  from  its  place  surrounding  the  upper  magnet,  and  was  adjusted  to  encircle 
the  photographic  magnet.  The  upper  magnet  remained  unchecked  in  its  vibrations 
till  1866,  January  23,  when  the  lower  part  of  its  carrier  was  connected  mth  a  brass 
bar  which  vibrates  in  water. 

Observations  relating  to  the  permanent  Adjustments  of  the  Upper 
Declination-Magnet  and  its  Theodolite. 

1.  Determination  of  the  inequality  of  the  pivots  of  the  theodolite-telescope. 
1875,  August  31.     The   theodolite  was  clamped,  so   that   the   transit-axis  was  at 
right  angles  to  the  meridian.     The  ilhnniiiated  end  of  the  axis  of  the  telescope  was 
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first  placed  to  the  East :  the  level  was  applied,  and  its  scale  was  read ;  the  level  was 
then  reversed,  and  its  scale  was  again  read ;  it  was  then  again  reversed,  and  again 
read,  and  so  on  successively  six  times.  The  illuminated  end  of  the  axis  was  then 
placed  to  the  West,  and  the  level  was  applied  and  read  as  before.  This  process  was 
repeated  several  times,  and  the  result  was,  that  when  the  level  indicates  the  axis  to 
be  horizontal,  the  pivot  at  the  illuminated  end  is  really  too  low  by  r''5.  Other 
determinations  made  1875,  September  21,  and  1876,  December  1,  gave  respectively 
l"-3  and  1"-1.  The  value  applied  during  the  year  1877  to  the  mean  level  reading 
is  r'""3  as  before,  equivalent  to  1"'4. 

2.  Value  of  one  revolution  of  the  micrometer-screw  of  the  theodolite-telescope. 
On  1870,  December  29,  the  magnet  was  made  to  rest  on  blocks  of  wood,  and  its 

collimator  was  used  as  a  fixed  mark  at  an  infinite  distance.  The  micrometer  of  the 
theodolite-telescope  was  placed  in  different  positions,  and  the  vertical  frame  carrying 
the  telescope  was  then  turned  till  the  micrometer  wire  bisected  the  cross.  The  result 
of  several  comparisons  of  theodolite-readings  with  large  values  and  with  small  values 
of  the  micrometer-reading  was,  that  one  revolution  =  1'.  34"-2.  Similar  experi- 
ments made  1875,  September  1,  and  December  28,  gave  respectively  1'.  34"-l,  and 
1'.  34"-2.     The  value  used  throughout  the  year  1877  is  1'.  34"-2. 

3.  Determination  of  the  micrometer-reading  for  the  line  of  coUimation  of  the 
theodolite-telescope. 

1877,  January  3.  The  vertical  axis  of  the  theodolite  had  been  adjusted  to 
verticality.  and  the  transit-axis  was  made  horizontal.  The  declination-magnet  was 
made  to  rest  on  blocks,  and  the  cross-wires  carried  by  it  were  used  as  a  collimator 
for  determining  the  line  of  collimation  of  the  telescope  of  the  theodolite.  The 
telescope  was  reversed  after  each  observation.  The  mean  of  10  double  observations 
was  100'"-064.  On  1877,  December  18,  the  mean  of  20  double  measures  gave 
100''-108.     The  value  100"'-064  was  used  throughout  the  year. 

4.  Determination  of  the  effect  of  the  mean-time-clock  on  the  declination-magnet. 
The  observations  by  which  this  has  been  determined  are  detailed  in  the  volumes 

for  1840,  1841,  1844,  and  1845.  It  appeared  that  it  was  necessary  to  add  9"-41  to 
every  reading  of  the  theodolite.  The  clock  was  removed  to  the  basement  in  1864, 
having  now  nearly  the  same  relative  position  to  the  lower  declination-magnet  which 
formerly  it  had  to  the  upper.  No  correction  is  now  applied  to  the  upper  declination- 
magnet. 

5.  Determination  of  the  compound  effects  of  the  vertical-force-magnet  and  the 
horizontal-force-magnet  on  the  declination-magnet. 

The  details  applying  to  the  effect  of  the  horizontal-force-magnet  and  first  vertical- 
force-magnet  will  be  found  in  the  volumes  for  1840,  1841,  1844,  and  1845.     It 
Greenwich  Magnetical  .vnd  Meteorologicai,  Observations,  1877.  " 
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appeared  tliat  it  was  necessary  to  subtract  55"-22  from  all  readings  of  the  theodolite. 
In  1848  a  new  vertical-force-magnet  was  introduced,  and  the  siibtractive  quantity- 
was  then  found  to  be  42"-2.  A  few  experiments  made  on  1864.  May  26,  after 
removal  of  the  horizontal  and  vertical  force  magnets  to  the  basement,  seemed  to 
show  that  the  theodolite  readings  required  a  subtractive  correction  of  36"-9,  but  no 
numerical  correction  has  since  been  applied. 

6.  Determination  of  the  error  of  coUimation  for  the  plane  glass  in  front  of  the 
boxes  of  the  declination-magnet. 

1875,  December  28.  The  magnet  was  made  to  rest  on  blocks.  The  micrometer 
head  of  the  telescope  was  to  the  East.  The  plane  glass  has  the  word  "  top  "  engraved 
on  it,  and,  in  ordinary  use,  this  word  is  always  kept  east.  The  cross-wire  carried  by 
the  collimator  of  the  magnet  was  observed  with  the  engraved  word  alternately  east 
and  west.  The  result  of  20  double  observations  was,  that  in  the  ordinary  position  of 
the  glass  17"-3  is  to  be  added  to  all  readings.  On  1877.  December  18,  10  double 
observations  gave  14"-9.     The  value  used  during  the  year  1877  was  16"-1. 

7.  Determination  of  the  error  of  coUimation  of  the  magnet-coUimator,  with 
reference  to  the  magnetic  axis  of  the  magnet. 

1877,  January  10.  Observations  were  made  by  placing  the  declination-magnet 
in  its  stirrup,  with  its  collimator  alternately  above  and  below,  and  observing  the 
coUimator-ware  by  the  theodolite-telescope ;  the  windlass  of  the  suspending  skein 
being  so  moved  that  the  collimator  in  each  observation  was  in  the  line  of  the 
theodolite-telescope.  The  observation  was  repeated  several  times.  The  mean  half 
excess  of  reading  with  collimator  above  (its  usual  position),  over  that  with  collimator 
below,  was  26'.  9  "-4.  Observations  madel877,  December  18,  gave  26'.  42"-5.  The 
mean  of  these  values,  or  26'.  26"-0,  has  been  used  during  the  year  1877. 

8.  Effect  of  the  damper. 

In  the  volume  for  1841  observations  are  exhibited  shewing  tliat  the  oval  copper 
bar,  or  damper,  which  then  surrounded  what  is  now  the  upper  declination-magnet, 
had  ])ut  little  or  no  effect.  Repeated  observations,  of  less  formal  character,  in 
succeeding  years,  have  confirmed  this  result.  The  same  bar  has  encircled  the  lower 
declination-magnet  since  the  year  1865.  The  following  observations  were  made  in 
the  year  1865,  for  ascertaining  the  eflFect  of  the  damper  on  the  lower  declination- 
magnet  under  various  circumstances. 

On  1865,  February  8  and  10,  and  March  2,  the  time  of  vibration  of  the  magnet 
was  observed : — 

Mean  of  t imes  with  damper  in  usual  position 23"  •  888 

Mean  of  times  with  damper  reversed  end  for  end 24'-  508 

Mean  of  times  when  damper  was  removed 23'- 153 
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These  seem  to  indicate  a  repulsion  of  the  magnet  by  the  damper,  but  the  magnet 
came  to  rest  so  rapidly  that  the  observations  are  very  uncertain. 

On  several  days  from  1865,  April  2  to  May  12,  observations  were  made  for  ascer- 
taining the  deflection  of  the  magnet  produced  by  turning  the  damper  through  a 
small  angle  round  a  vertical  axis,  passing  through  its  center. 


Damper  turned  through  2  <  ^ 

o  /  ^ •  ^'^^  towards  E., 

Damper  turned  through  4   i  ,.t        i  ^         j    -rtr 

'^  °  I N.  end  towards  W. 

/  N.  end  towards  E., 
Damper  turned  through  6  \  ^_  ^^^^  ^^^^^^.^^  ^^ 

f  N.  cud  towards  E, 
Damper  turned  through  8   i  jr 


Dajiper  in  usual  Position. 

/      u 

N.  end  towards  E.,  increase  of  western  declination —  1.  27 

eud  towards  W.,         „  „  „  + 1. 2.5 

-2.  16 

+3.11 

-3.  10 

+2.5.3 

—1.22 

+1.43 


end  towards  W., 
cud  towards  E., 
end  towards  W., 


Damper  reversed  End  for  End. 


,1  ,  m  /  •^-  ^°'i  towards  E.,  increase  of  western  declination +0.  12 

Damper  turned  tlirough  2  [^_  ^^^  ^^^^^^^  ^^  ^  ^^  ^^  _^^,^^^ 

,     o  /  ^-  end  towards  E.,  „  „  „  0.    0 

Damper  turned  through  4  S  ^y       ,  ,          ,    ,^  .  n  c^ 

*^  "  L  N.  end  towards  W.,  „  „  „  +0. 26 

t  ^o  /  •^-  '^'^^  towards  E.,  „  „  ,,  +0.    5 

Damper  turned  through  6   j  j^  ^^^  ^^^^^.^^  ^^  ^_  __  ^^  ^  ^^ 

r  N.  end  towards  E.,  „  „  „  —0.  10 

Damper  turned  through  8  |  j^^^^  ^^^^^^.^^  ^^  ^^  _^  _^  _^  q_    ^ 


The  first  series  shews  clearly  that  the  damper  in  its  usual  position  drags  the 
magnet ;  the  second  shews  no  certain  efiect.  It  seems  that  the  damper  possesses 
two  kinds  of  magnetism,  one  permanent,  the  other  transiently  induced,  of  nearly 
equal  magnitude ;  their  sum  being  about  j^  part  of  the  terrestrial  effect  for  the 
same  deflexion. 

From  1865,  July  25  to  August  9,  observations  were  made  to  ascertain  whether  the 
efiect  of  an  external  deflecting  cause  is  the  same  with  the  damper  present  and  the 
damper  removed.  The  observation  was  extremely  difficult,  as  the  magnet  was 
perpetually  in  vibration  when  the  damper  was  removed.  A  small  magnet  on  the 
east  side  of  the  N.  end  of  the  magnetometer,  with  its  north  end  pointing  towards  the 
Bast  (and  therefore  diminishing  the  western  declination  of  the  magnetometer),  was 
moved  to  the  distance  (about  five  feet)  at  which  it  produced  a  deviation  of  5'  nearly. 
The  apparent  western  declination  was  observed,  damper  present,  and  damper 
removed.     It  appeared  to  be  less  with  damper  present  than  with  damper  removed, 

b  2 
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liy  0'.  58".  The  separate  results  are  very  discordant.  If  the  conchision  has  any 
validity,  it  tends  to  show  a  repulsive  power  in  the  iiamper,  opposite  to  that  found  in 
the  preceding  experiments.     This  experiment  is  regarded  as  inconclusive. 

9.  Calculation  of  the  constant  used  throughout  the  year  1877  in  the  reduction 
of  the  observations  of  the  upper  declination-magnet,  the  micrometer-head  of  the 
theodolite-telescope  being  East. 

Readiug  for  line  of  collimation     -  -  -  ,  -         100''-064 


Micrometer  equivalent    -  -  -  -  .  -      —2. 37.    6-0 

Correction  for  the  plane  glass  in  front  of  the  box,  in  its  usual  position        -       +  16-1 

The  collimator  above  the  magnet.     Correction  ibr  error  of  collimation        -      —     26.  26-0 


Constant  to  lie  used  in  the  reduction  of  the  observations    -  -  -      _3.    3.  lo-9 


10.  Determination  of  the  time  of  vibration  of  the  upper  declination-magnet  under 
the  action  of  terrestrial  magnetism. 

On  1873,  August  7,  it  was  found  to  be  3P-40 ;  on  1874,  December  31,  3P-33  ;  on 
1875,  December  31,  3P-25  ;  and  on  1877,  January  10.  3P-21. 

11.  Fraction  expressing  the  proportion  of  the  torsion-force  to  the  earth's  magnetic 
force. 

By  the  same  process  which  is  described  in  the  Magnetical  Observations  1847,  but 
with  the  system  of  .suspension  and  silk  skein  at  present  in  use,  the  proportion  was 
found,  on  1877,  January  10,  —  5  «^nd  on  1877,  December  18,  also  Y5J. 

Determination  of  the  Eeadings  of  the  Horizontal  Circle  of  the  Theodolite 
corresponding  to  the  astronomical  meridian. 

The  reading  of  the  circle  corresponding  to  the  astronomical  meridian  is  determined 
by  occasional  observation  of  the  stars  Polaris  and  0  Ursa3  Minoris  when  near  the 
meridian,  either  above  or  below  pole.  Six  measures  are  usually  taken  on  each  night 
of  observation. 

The  error  of  the  level  is  determined  by  application  of  the  spirit-level  at  the  time 
of  observation  :  due  regard  being  paid,  in  the  reduction,  to  the  inequality  of  pivots 
already  found.  One  division  of  the  level  is  considered  =  l"-0526.  The  azimuth- 
reading  is  then  corrected  by  this  quantity  : 

(,'orrection  =  Elevation  of  W.  end  of  axis  X  tan.  star's  altitude. 

The  readings  of  the  azimuth  circle  increase  as  the  instrument  is  turned  from  N.  to 
E.,  S.,  and  W. ;  from  wliicli  it  follows  that  (telescope  pointing  to  North),  the  cor- 
rection must  have  the  same  sign  as  the  elevation  of  the  \V.  end. 
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The  correction  for  tlio  azimutli  of  the  star  observed  lias  been  usually  computed 
independently  in  every  observation,  by  a  peculiar  method,  of  which  the  principle  is 
fully  explained  in  the  volumes  for  1840-1841,  1843,  1844,  1845.  The  formula  and 
tabic  used  are  the  following  : — 

Let  A^^  =  seconds  of  arc  in  star's  azimuth, 
Cg  =  seconds  of  time  in  star's  hour-angle, 

a^^  =  seconds  of  arc  in  star's  N.P.D.  for  the  day  of  observation, 
Then  log.  ^„  =  log.  G,  -\-  log.  E  +  log  {a^^  -\-  F)  -\-  log.  cos.  <^. 
The  values  of  log.  E,  F,  and  log.  cos.  <^,  are  given  in  the  following  table : — 


Tabulated  Values  of  Log.  Cos.  <p,  for  Different  Values  of  C„  and  of  the  Quantities  Log.  E,  and  / 
for  the  Stars,  Polaris  and  8  UrsyE  Minoris. 


Hour 
Angle. 

Log 

.  Cos.  ^  for 

Polaris. 

5  Ursac  Jlinoris. 

Polaris  S. P. 

5  UrsK  Min.  S.P. 

m 

I 

9'99999 

9'99999 

9"99999 

9'99999 

2 

999 

999 

999 

999 

3 

999 

999 

999 

999 

4 

998 

998 

998 

998 

5 

996 

996 

997 

997 

6 

994 

994 

996 

996 

7 

992 

992 

994 

995 

8 

990 

989 

992 

99-5 

9 

988 

986 

990 

99 « 

lo 

985 

983 

988 

989 

II 

981 

979 

985 

987 

12 

978 

975 

982 

984 

i3 

974 

971 

979 

981 

14 

970 

966 

975 

978 

i5 

966 

961 

972 

975 

16 

961 

955 

968 

971 

17 

956 

gSo 

964 

968 

18 

95 1 

944 

959 

964 

"9 

945 

9^7 

955 

960 

20 

939 

930 

gSo 

956 

21 

932 

923 

945 

951 

22 

926 

915 

9-59 

946 

23 

919 

908 

933 

941 

24 

912 

900 

928 

936 

25 

904 

891 

922 

930 

26 

896 

882 

915 

925 

27 

888 

873 

909 

919 

28 

880 

863 

902 

912 

29 

871 

853 

894 

906 

3o 

9"9g862 

9-99843 

9-99887 

9-99900 

Log.  E 

6'0972i 

6-13638 

— 6-03899 

—6-00617 

F 

—  1 86"  79 

—944"  7' 

+  181"  -57 

+  886'- -86 
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Sometimes,  when  the  star  has  been  observed  at  larger  hour  angles,  the  azimuthal 
correction  has  been  taken  from  a  manuscript  table,  having  for  arguments  "  Hour 
Angle"  and  different  values  of  "  North  Polar  Distance." 

Observations  for  determining  the  theodolite  readings  corresponding  to  the  astro- 
nomical meridian  were  made  on  the  foUomng  days  in  1877  : — January  9,  19,  22,  25  ; 
February  16;  March  10;  April  19;  May  30;  July  10,  26;  August  22,  30; 
September  11,  21,  26;  November  3,  14;  December  31.  As  a  check  on  the 
continued  steadiness  of  the  theodolite,  observations  of  a  fixed  mark  (a  small  hole  in 
a  plate  of  metal  above  the  Observatory  Library)  have  been  taken  twenty  times  at 
intervals  through  the  year.  The  concluded  mean  reading  for  the  south  astronomical 
meridian  used,  was  27°.  5'.  38"-9  throughout  the  year. 

The  following  is  a  description  of  the  method  of  making  and  reducing  the  eye- 
observations  of  the  declination-magnet : — 

A  fine  horizontal  wire  (as  stated  on  page  mi)  is  fixed  in  the  field  of  view  of  the 
theodolite-telescope,  and  another  fine  vertical  wire  is  fixed  to  a  wire-plate,  moved 
right  and  left  by  a  micrometer  screw.  On  looking  into  the  telescope,  the  diagonally 
placed  cross  of  the  magnetometer  is  seen,  and,  during  vibration  of  the  magnet,  will 
be  observed  to  pass  alternately  right  and  left.  The  observation  is  made  by  turning 
the  micrometer  till  its  wire  bisects  the  image  of  the  magnet-cross  at  the  pre- 
ari'anged  times,  and  reading  the  micrometer.  Then  the  verniers  of  the  horizontal 
circle  are  read. 

The  mean-time  clock  is  kept  very  nearly  to  Greenwich  mean  time  (its  error  being 
ascertained  each  day),  and  the  clock-time  for  each  determination  is  arranged  before 
hand.     Chronometer  M'Cabe  649  has  usually  been  employed  for  observation. 

If  the  magnet  is  in  a  state  of  disturbance,  the  first  observation  is  made  by  the 
observer  applying  his  eye  to  the  telescope  about  one  minute  before  the  pre-arranged 
time  ;  he  bisects  the  magnet-cross  by  the  micrometer  wire  at  45%  and  again  at  15^ 
before  that  time,  also  at  15'  and  45'  after  that  time.  The  intervals  of  these  four 
observations  are  the  same  nearly  as  the  time  of  vibration  of  the  magnet,  and  the 
mean  of  all  the  times  is  the  same  as  the  pre-arranged  time.  The  times  of  observa- 
tion are  usually  1''.  5'",  3''.  5"',  9''.  5"',  and  21''.  5™  of  Greenwich  mean  time. 

The  mean  of  each  pair  of  adjacent  readings  of  the  micrometer  is  taken  (giving 
three  means),  and  the  mean  of  these  three  is  adopted  as  the  result.  In  practice,  this 
is  done  by  adding  the  first  and  fourth  readings  to  the  double  of  the  second  and  tliird, 
and  dividing  the  sum  by  6. 

Till  1866,  January  23,  the  magnet  was  usually  in  a  state  of  vibration ;  l)ut,  since 
the  introduction  of  the  water-damper  on  that  day,  the  number  of  instances  of 
excessive  vibration  has  been  very  small.     When  it  appears  to  be  nearly  free  from 
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vibration,  two  bisections  only  of  the  cross  are  made,  one  about  15^  before  the  time 
recorded,  the  other  about  15"  after  that  time,  (30"  being  nearly  the  time  of  a  single 
vibration,)  and  the  mean  adopted  as  result.  (The  lower  magnet,  encircled  by  the 
copper  damper,  never  exhibits  amy  troublesome  vibrations.) 

The  adopted  result  is  converted  into  arc,  supposing  P  =  1'.  34""2,  and  the  quantity 
thus  deduced  is  added  to  the  mean  of  the  vernier-readings,  to  which  is  applied 
the  constant  given  in  article  9  of  the  permanent  adjustments  ;  the  difference  between 
this  number  and  the  adopted  reading  for  the  Astronomical  South  Meridian  is  taken  ; 
and  thus  is  deduced  the  magnetic  declination,  which  is  used  in  determining  the  zero 
for  the  photographic  register. 

§  3.  General  pimiple  of  construction  of  Photographic  self-registering  Apparatus  for 
continuous  Becwd  of  Magnetic  ami  other  Indications. 

The  general  j^rinciple  adopted  for  all  the  photographic  instruments  is  the  same. 
For  the  register  of  each  indication,  a  cylinder  is  provided,  whose  material  is  ebonite, 
and  which  is  very  accurately  turned  in  the  lathe.  The  axis  of  the  cylinder  is  placed 
parallel  to  the  direction  of  the  change  of  indication  which  is  to  be  registered.  If 
there  are  two  indications  whose  movements  are  in  the  same  direction,  both  may  be 
registered  on  the  same  cylinder ;  thus,  the  Declination  and  the  Horizontal  Force, 
whose  indications  of  changes  of  the  respective  elements  travel  horizontally,  can 
both  be  registered  upon  one  cylinder  with  axis  horizontal  ;  the  same  remark 
applies  to  the  register  of  two  different  galvanic  Earth-Currents  ;  the  Vertical 
Force  and  the  reading  of  the  Barometer  can  both  be  registered  upon  one  cylinder 
with  axis  vertical ;  and  similarly  the  Dry-Bulb  Thermometer  and  the  Wet-Bulb 
Thermometer. 

To  the  ends  of  each  ebonite  cylinder  there  are  fixed  circular  brass  plates,  that  which 
is  near  the  clock-work  having  a  diameter  somewhat  greater  than  that  of  the  cylinder. 
In  the  further  fittings  there  is  a  little  difference  between  those  for  vertical  and  those 
for  horizontal  cylinders.  Each  horizontal  cylinder  has  a  pivot  fixed  in  the  brass  plate 
at  each  end ;  these  revolve  each  upon  two  antifriction  wheels  of  the  fixed  frame.  The 
vertical  cylinders  have  no  pivots ;  there  is  a  perforation  through  the  center  of  the 
lower  or  larger  brass  plate  which,  when  the  cylinder  is  mounted,  is  fitted  upon  a 
vertical  spindle  projecting  upwards  from  the  center  of  a  second  horizontal  brass 
plate ;  this  second  brass  plate  sustains  the  weight  of  the  vertical  cylinder  and  turns 
horizontally,  being  supported  by  three  antifriction  wheels  (each  in  a  vertical  plane) 
carried  by  the  fixed  frame. 

Uniform  rotatory  motion  is  given  to  the  cylinders  by  the  action  of  clock-work,  or 
rather  chronometer-work,  regulated  by  either  duplex-escapement  or  chronometer- 
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escapement.  For  two  of  the  cylinders,  -n-hicli  revolve  in  24  hours,  and  for  the  ther- 
mometer-cylinder which  revolves  in  50  hours,  the  axis  is  placed  opposite  to  the  center 
of  the  chronometer,  and  a  fork  at  the  end  of  the  hour  hand  takes  hold  of  a  winch 
fixed  to  the  plate  of  the  cylinder,  or  (in  the  vertical  cylinders)  to  the  plate  that 
sustains  the  cylinder.  In  the  cylinder  for  galvanic  earth-currents  only,  the  connection 
is  made  by  toothed  wheels.  For  the  horizontal  cylinders,  the  plane  of  the  chrono- 
meter work  is  vertical ;  for  the  vertical  cylinders,  it  is  horizontal. 

The  cylinders  employed  for  the  Declination  and  Horizontal  Force  registers,  for  the 
Vertical  Force  and  Barometer  registers,  and  for  the  Earth  Current  registers,  are  ll-J- 
inches  high,  and  14^  inches  in  circumference ;  those  for  the  thermometers  are  10 
inches  high,  and  19  inches  in  circumference. 

Each  cylinder  is  covered,  when  in  use,  by  a  tube  of  glass,  which  is  open  at  one  end, 
and  has  at  the  other  end  a  circular  plate  of  ebonite  or  brass,  perforated  at  its  center. 
The  tube  is  a  little  larger  than  the  cylinder ;  its  open  end  is  kept  in  position  by  a 
narrow  collar  of  ebonite,  and  the  opposite  end  by  a  circular  piece  of  brass  fixed  to  the 
smaller  brass  plate  at  the  end  of  the  cylinder. 

To  prepare  the  cylinder  for  register  of  indications,  it  is  covered  with  a  sheet  of 
sensitised  paper ;  the  moisture  on  the  paper  usually  causes  the  overlapping  ends  to 
adhere  with  sufficient  firmness ;  the  glass  tube  is  then  slipped  over  it,  and  the  cylinder 
thus  prepared  is  placed  (if  horizontal)  with  its  pivots  in  bearing  upon  its  two  sets  of 
antifriction  wheels,  or,  (if  vertical)  with  its  end-brass-plate  upon  the  rotating  brass 
plate,  and  its  central  perforation  upon  the  spindle  of  that  plate ;  care  is  taken  to 
ensure  connection  with  the  clock-work,  and  the  apparatus  is  ready  for  action. 

The  trace  for  each  instrument  is  produced  by  a  flame  of  coal  gas  usually  charged 
with  the  vapour  of  coal  naphtha.  For  the  magnetometers  the  light  shines 
through  a  small  aperture  about  0'"-3  long,  and  O^'Ol  broad ;  for  the  earth-current- 
apparatus  and  for  the  barometer,  the  aperture  is  larger.  The  arrangements  for 
throwing  on  the  photographic  paper  of  the  revohdng  cylinder  a  spot  of  light  which 
shall  travel  in  the  direction  of  the  cylinder's  axis  with  every  motion  of  either 
magnetometer  or  galvanometer,  or  with  the  rise  and  fall  of  the  mercury  in  the 
barometer,  are  as  follows. 

For  each  of  the  three  magnetometers,  a  large  concave  mirror  of  speculum  metal  is 
carried  by  a  part  of  the  magnet-carrier;  although  it  has  a  small  movement  of  adjust- 
ment relative  to  the  magnet-carrier,  yet  in  practice  it  is  very  firmly  clamped  to  it,  so 
that  the  mirror  receives  all  the  angular  movements  of  the  magnet.  The  lamp  above 
mentioned  is  placed  slightly  out  of  the  direction  of  the  straight  line  drawn  from  the 
center  of  the  concave  mirror  to  the  center  of  the  cylinder  which  carries  the  photogra- 
phic paper.  By  the  concave  mirror,  the  light  diverging  from  the  aperture  is  made 
to  converge  to  a  place  nearly  on  the  surface  of  the  cylinder  carrying  the  photo- 
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graphic  paper.  The  form  of  the  aperture,  however,  and  the  astigmatism  caused 
by  the  inclined  reflexion  from  the  mirror,  produce  this  effect,  that  the  image  is 
somewhat  elongated  and  is  at  the  same  time  slightly  curved.  To  diminish  the 
length  there  is  placed  near  the  cylinder  a  system  of  plano-convex  cylindrical  lenses 
of  glass,  with  their  axes  parallel  to  the  axis  of  the  cylinder,  and  the  image  is  thus 
reduced  to  a  neat  spot  of  light. 

For  the  registers  of  galvanic  earth-currents,  the  light,  which  falls  upon  a  plane 
mirror  carried  by  each  galvanometer,  is  made  to  converge  to  a  spot,  l^y  a  system  of 
cylindrical  lenses. 

For  the  barometer,  the  light,  condensed  by  a  vertically  placed  cylindrical  lens, 
shines  through  a  small  horizontal  slit  in  a  plate  of  blackened  mica  (which  moves  with 
the  fluctuations  of  the  quicksilver),  and  thus  forms  a  spot  of  light. 

For  the  thermometers,  the  light  shines  through  the  vacant  part  of  the  tube,  and 
thus  forms  a  sheet  of  light. 

The  spot  of  light  (for  the  magnets,  the  earth-currents,  and  the  barometer),  or  the 
boundary  of  the  line  of  light  (for  the  thermometers),  moves,  with  the  movements 
which  are  to  be  registered,  in  the  direction  of  the  axis  of  the  cylinder,  while 
the  cylinder  itself  revolves.  Consequently,  when  the  paper  is  unwrapped  from 
the  cylinder,  there  is  traced  upon  it  (though  not  visible  till  the  proper  chemical 
agents  have  been  applied)  a  curve,  of  which  the  abscissa  measured  in  the  direction 
of  a  line  surrounding  the  cylinder  is  proportional  to  the  time,  while  the  ordinate 
measured  in  the  direction  parallel  to  the  axis  of  the  cylinder  is  proportional  to  the 
movement  which  is  the  subject  of  measure. 

In  the  instruments  for  registering  the  motions  of  the  magnets,  the  earth-currents, 
and  the  barometer,  a  line  of  abscissfse  is  actually  traced  on  the  paper,  by  a  lamp 
giving  a  spot  of  light  in  an  invariable  position,  the  effect  of  which  on  the  revoh^no- 
paper  is  to  trace  a  line  surrounding  the  cylinder.  For  the  thermometers  this  is  not 
necessary,  as  the  thermometer-scales  are  made  to  carry  and  to  transfer  to  the  photo- 
graphic paper  sufficient  indications  of  the  actual  reading  of  the  thermometers,  by  an 
apparatus  which  mil  be  described  in  a  following  section. 

Every  part  of  the  cylinder  apparatus  for  the  magnets  and  for  the  earth-currents  is 
covered  by  cases  of  blackened  zinc  or  wood,  having  slits  for  the  moveable  spots  of 
light,  and  holes  for  the  invariable  spots ;  and  all  parts  of  the  paths  of  the  photo- 
graphic light  are  protected  as  necessary  by  blackened  zinc  tubes  from  the  admixture 
of  extraneous  light.  The  cylinder-apparatus  for  the  thermometers  is  protected  in 
the  same  manner,  the  whole,  including  the  stems  of  the  thermometers,  and  gas- 
lights, being  enclosed  in  a  second  zinc  case,  blackened  internally. 

In  all  the  instruments,  the  following  method  is  used  for  attaching,  to  the  sheet  of 
photographic  paper,  indications  of  the  time  when  certain  parts  of  the  photographic 
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trace  were  actually  made,  and  for  giving  the  means  of  laying  down  a  time-scale 
applicable  to  every  part  of  the  trace.  By  means  of  a  small  moveable  plate,  arranged 
expressly  for  this  purpose,  the  light  which  makes  the  trace  can  at  any  moment  be 
completely  cut  off.  An  assistant,  therefore,  occasionally  cuts  oft"  the  light  (regis- 
tering in  the  proper  book  the  clock-time  of  doing  so),  and  after  a  few  minutes 
withdraws  the  plate  (again  registering  the  time).  The  effect  of  this  is  to  make  a 
visible  interruption  in  the  trace,  corresponding  to  registered  times.  By  drawing 
lines  from  these  points  of  interruption  parallel  to  the  axis  of  the  cylinder,  to  meet 
the  photographic  line  of  abscissae,  or  an  adopted  line  of  abscissae  parallel  to  it.  points 
are  defined  upon  the  line  of  abscissfe  corresponding  to  registered  times.  The  whole 
length  of  the  exposed  part  of  the  paper  corresponds  to  the  known  time  of  revolution 
of  the  cylinder.  A  scale  being  prepared  beforehand,  whose  value  for  the  time  of 
revolution  corresponds  in  length  to  the  circumference  of  the  cylinder,  the  scale- 
readings  for  the  registered  times  of  interruption  of  light  are  applied  to  the  ordinates 
corresponding  to  the  interruptions,  and  the  divisions  of  hours  and  minutes  trans- 
ferred at  once  from  the  scale  to  the  line  of  abscissse.  In  practice  it  is  found  that  the 
length  of  the  paper  is  not  always  the  same,  and  it  is  necessary,  therefore,  to  use  for 
each  instrument  several  pasteboard  scales  of  diflPerent  lengths,  adapted  to  various 
lengths  of  the  photographic  sheets. 

Since  the  year  1870,  by  means  of  an  opening  made  in  the  chimneys  of  the  registering 
lamps  of  the  magnetometers,  and  in  the  chimneys  of  other  lamps  for  the  earth  current 
galvanometers,  the  light  at  each  instrument,  when  not  interrupted,  falls  directly  upon 
the  cylindrical  lens  in  front  of  the  revolving  cylinder,  and,  if  allowed  to  act  for  a 
short  time,  produces,  when  the  sheet  is  developed,  a  dark  line  upon  the  photographic 
paper.  An  apparatus  of  clock-work,  specially  an-anged  by  Messrs.  E.  Dent  and  Co., 
acting  upon  small  shutters,  uncovers  simvdtaneously  the  chimney-openings  in  all  the 
lamps  about  2h  minutes  before  each  hour,  and  covers  them  simultaneously  about 
2i  minutes  after  each  hour.  In  this  way  a  good  series  of  hour-lines  in  the  direction 
of  the  ordinates  is  formed.  By  this  arrangement  increased  accuracy  of  the  time- 
registers  has  been  obtained,  and  the  labour  of  the  computers  much  diminished.  The 
system  of  interrupting  the  trace  by  hand  is  still  retained,  as  giving  means  of  checking 
the  clock  indication.  No  automatic  registration  of  hour-lines  has  yet  been  arranged 
for  the  Barometer  or  for  the  Dry-bulb  and  Wet-bulb  Thermometers. 

§  4.  Lower  Dedhmtion-Magiiet ;  and  PhotograpJdc  self-registering 
Apparatus  for  Coiitiniious  Record  of  Magnetic  Declination. 

The  lower  declination-magnet  is  made  by  Simms.  It  is  2  feet  long,  li  inch  broad, 
J  inch  thick,  of  hard  steel  throughout,  much  harder  than  the  upper  declination- 
magnet. 
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The  magnet-frame  consists  of  an  upper  piece,  whose  top  is  a  hook,  (to  be  hooked 
into  the  suspension-skein),  and  which  carries  a  concave  mirror  used  for  the  photo- 
graphic record  in  the  manner  described  above.  The  lower  part  of  this  upper  piece 
turns  in  a  graduated  horizontal  circle,  similar  to  the  torsion  circle  of  the  upper 
magnet,  and  attached  to  the  lower  piece  or  magnet-carrier  proper.  The  lowest  part 
of  the  carrier  is  a  double  square  hook,  in  which  the  magnet  is  inserted  and  is  kept  in 
position  by  the  pressure  of  three  screws. 

It  has  been  mentioned  in  §  1  that  a  small  pier,  built  upon  one  of  the  crossed  slates 
which  are  laid  upon  three  piers  rising  from  below,  carries  the  suspension-pulleys. 
The  suspension-skein  rises  to  one  of  these  pulleys,  passes  horizontally  over  a  second 
pulley  about  5  inches  south  of  it,  and  then  descends  obliquely  to  a  windlass  which  is 
fixed  to  the  stone  slab  about  2  ft.  3  in.  south  of  the  center  of  the  magnet. 

The  height  of  the  pulley  above  the  floor  of  the  Basement  is  10  ft.  4f  in.  As  the 
height  of  the  magnet  above  the  floor  is  2  ft.  10-g-  in.,  and  the  length  of  the  magnet 
frame  is  1  ft.  3  in.,  there  remains  6  ft.  3^  in.  of  free  suspending  skein. 

One  of  the  revolving  cylinders  is  used  for  the  photographic  record  of  the  Declina- 
tion-Magnet and  the  Horizontal-Force-Magnet.  In  the  preparation  of  the  basement 
in  1864,  as  has  been  stated,  the  south-eastern  re-entering  angle  was  cut  away,  so 
that  the  straight  line  from  the  suspending  skein  of  the  declination-magnet  to  the 
center  of  those  of  the  bifilar  magnet  passes  through  a  clear  space,  in  which  the 
registering  apparatus  is  placed. 

The  concave  mirror  of  the  declination-magnet  is  5  inches  in  diameter,  and  is 
above  the  top  of  the  magnet-box.  The  distance  of  the  light  aperture  from  the 
mirror  is  about  25'3  inches.  The  bright  spot  formed  by  the  reflection  of  light  from 
the  mirror  is  received  on  the  south  side  of  the  cylinder,  near  its  west  end. 

For  the  declination-magnet,  the  values,  in  minutes  and  seconds  of  arc,  of 
movements  of  the  photographic  spot  in  the  direction  of  the  ordinate,  are  thus 
deduced  from  a  geometrical  calculation  founded  on  the  measures  of  difierent  parts 
of  the  apparatus.  The  distance  of  the  cylinder  from  the  concave  mirror  is  132' 11 
inches,  and  a  movement  of  1°  of  the  mirror  produces  a  movement  of  2°  in  the  reflected 
ray.  From  this  it  is  found  that  1°  of  movement  of  the  mirror  is  represented  by 
4-611  inches  upon  the  photographic  paper.  A  small  scale  of  paste-board  is  prepared, 
(for  which  a  glass  scale  is  in  some  operations  substituted,)  whose  graduations 
correspond  in  value  to  minutes  and  seconds  so  calculated.  The  zero  of  the  ordinate- 
scale  is  found  in  the  following  manner.  The  time-scale  having  been  laid  down  as  is 
already  described,  and  actual  observations  of  the  position  of  the  upper  declination- 
magnet  having  been  made  with  the  eye  and  the  telescope  (as  has  been  fidly 
described  at  page  xiv)  at  certain  registered  times,  there  is  no  difiiculty  (by  means  of 
these  registered  times)  in  defining   the   points   of   the   photographic   trace   which 
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correspond  to  the  obserYed  positions.  The  pasteboard  scale  being  applied  as  an 
ordinate  to  one  of  these  points,  and  being  slid  up  and  down  till  the  scale  reading 
which  represents  the  reading  actually  taken  by  the  eye-observation  falls  on  that 
point,  the  reading  of  the  scale  where  it  crosses  the  line  of  abscisste  is  immediately 
found.  This  process  rests  on  the  assumption  tliat  the  movements  of  the  upper 
and  lower  magnets  are  exactly  similar.  The  various  readings  given  by  different 
observations,  so  long  as  there  is  no  instrumental  change,  will  scarcely  differ,  and 
may  be  combined  in  groups,  and  thus  an  adopted  i-eading  for  the  line  of  abscisste 
may  be  obtained.  From  this,  with  the  assistance  of  the  same  pasteboard  scale, 
tliere  will  be  laid  down  without  difficulty  a  new  line,  parallel  to  the  line  of  abscissas, 
whose  ordinate  would  represent  some  Avhole  number  of  degrees,  or  other  convenient 
quantity. 

§  5.  IIor!r.o)ifal-Fo)ve-2Iar/)ipt  and  Aiipara.tus  for  ohaervhig  if. 

The  horizontal-force-magnet,  furnished  by  Meyerstein  of  Gottingen,  is,  like  the 
declination-magnet,  2  feet  long,  H  inch  broad,  and  about  J  inch  thick.  For  its 
support  (as  is  mentioned  at  page  iv),  a  brick  pier  in  the  eastern  arm  of  the  Magnetic 
Observatory,  built  on  the  ground  below  the  basement  floor,  rises  through  the  flooi" 
of  the  upper  room,  and  carries  a  slate  slalj,  to  the  top  of  which  a  brass  frame  is 
attached,  carrying  two  brass  pulleys  (with  their  axes  in  the  same  east  and  west  line) 
in  front  of  the  pier,  and  two  (in  a  similar  position)  at  the  back  of  the  pier ;  these 
constitute  the  upper  suspension-piece.  A  small  windlass  is  attached  to  the  back  of 
the  pier  at  a  convenient  height.  The  magnet-carrier  consists  of  two  jjarts.  The 
upper  part  is  a  horizontal  bar,  2^  inches  long,  whose  ends  are  furnished  with  verniers 
for  reading  the  graduations  of  the  torsion-circle  (a  portion  of  the  lower  part,  to  be 
mentioned  below).  On  the  upper  side  of  this  horizontal  bar  are  two  small  pulleys 
with  axes  luirizontal  and  at  right  angles  to  the  vertical  plane  passing  tlirough  the 
length  of  the  bar :  by  these  pulleys  the  apparatus  is  suspended,  as  will  be  mentioned. 
From  the  lower  side  of  the  horizontal  bar,  a  vertical  axis  projects  downwards  througli 
the  center  of  the  torsion-circle,  in  Avhich  it  turns  by  stiff'  friction.  The  lower  part  of 
the  magnet-carrier  consists,  first  of  the  torsion-circle,  a  graduated  circle  about 
3  inches  in  diameter :  next,  immediately  below  the  central  ])art  of  the  torsion-circle, 
is  attached  (but  not  firmly  fixed)  a  circular  piece  of  metal  from  which  projects  down- 
wards a  frame  tliat,  by  means  of  three  cramps  and  screws,  carries  the  photographic 
concave  mirror,  with  the  plane  of  its  front  under  the  center  of  the  vertical  axis  :  this 
circular  piece  of  metal  has  a  radial  arm  upon  which  acts  a  screw  carried  by  the 
torsion-circle,  for  giving  to  the  concave  mirror  small  changes  of  azimuthal  position. 
Thirdly,  there  is  fixed  to  the  torsion-circle,  at  the  back  of  the  mirror-frame  but  not 
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touching  it,  a  bar  projecting  dovrawards,  bent  horizontally  nnder  the  mirror-frame 
and  then  again  bent  downwards,  carrying  the  cramps  in  which  the  magnet  rests  ;  and, 
still  lower,  a  small  plane  mirror,  to  which  a  fixed  telescope  is  directed  for  observing 
by  reflexion  the  graduations  of  a  fixed  scale  (to  be  mentioned  shortly).  Under  the 
two  small  pulleys  mentioned  above  passes  a  skein  of  silk ;  its  two  branches  rise  up 
and  pass  over  the  front  pulleys  of  the  suspension-piece,  then  over  its  back  pulleys, 
and  then  descend  and  pass  under  a  single  large  pulley,  whose  axis  is  attached  to  a 
vnre  that  passes  down  to  the  windlass.  Supported  by  the  two  branches  of  the  skein, 
the  magnet  swings  freely,  but  the  direction  that  it  takes  will  depend  on  the  angular 
position  of  its  stirrup  mth  respect  to  the  upper  horizontal  bar ;  it  is  intended  that 
the  index  should  be  brought  to  such  a  position  on  the  torsion-circle  that  the  two 
suspending  branches  should  not  hang  in  one  plane,  but  should  be  so  twisted  that  their 
torsion-force  will  maintain  the  magnet  in  a  direction  very  nearly  E.  and  W.  magnetic 
(its  marked  end  being  W.) ;  in  which  state  an  increase  of  the  earth's  magnetic  force 
draws  the  marked  end  towards  the  N.,  till  the  torsion-force  is  sufficiently  increased 
to  resist  it ;  or  a  diminution  allows  the  torsion-force  to  draw  it  towards  the  S.  The 
magnet,  with  its  plane  mirror,  hangs  within  a  double  rectangular  box  (one  box  com- 
pletely inclosed  within  another)  covered  with  gilt  paper,  similar  to  that  used  for  the 
declination-magnet ;  in  its  south  side  there  is  one  long  hole,  covered  with  glass, 
through  which  the  rays  of  light  from  the  scale  enter  to  fall  on  the  plane  mirror,  and 
the  rays  reflected  by  the  mirror  pass  to  the  fixed  telescope.  The  vertical  rod  (below 
the  torsion-circle),  which  carries  the  magnet-stirrup,  passes  through  a  hole  in  the  top 
of  the  box.  Above  the  magnet  box  is  the  concave  mirror  above  mentioned.  The 
height  of  the  brass  pulleys  of  the  suspension-piece  above  the  floor  is  II"'  8'"-5  ;  that 
of  the  pulleys  of  the  magnet-carrier  is  4"-  2'''-5  ;  and  that  of  the  center  of  the  plane 
mirror  is  about  3"-  1'"-.  The  distance  between  the  branches  of  the  silk  skein,  where 
they  pass  over  the  upper  pulleys,  is  l'"-14;  at  the  lower  pulleys  the  distance  between 
them  is  O'^-SO. 

An  oval  copper  bar  (exactly  similar  to  that  for  the  declination-magnet),  embraces 
the  magnet,  for  the  purpose  of  diminishing  its  vibrations. 

The  scale,  which  is  observed  by  means  of  the  plane  mirror,  is  in  a  horizontal 
position,  and  is  fixed  to  the  South  wall  of  the  East  arm  of  the  Magnetic  Basement. 
The  numbers  of  the  scale  increase  from  East  to  West,  so  that  when  the  magnet  is 
inserted  in  the  magnet-cell  with  its  marked  end  towards  the  West,  increasing  read- 
ings of  the  scale  (as  seen  with  a  fixed  telescope  directed  to  the  mirror  which  the 
magnet  carries)  denote  an  increasing  horizontal  force.  A  normal  to  the  scale  from 
the  center  of  the  plane-mirror  meets  the  scale  at  the  division  51  nearly;  the  distance 
from  the  center  of  the  plane-mirror  to  division  51  of  the  scale  is  90"8  inches. 

The  telescope  is  fixed  on  the  east  side  of  the  brick  pier  which  supports  the  stone 
pier  of  the  declination-theodolite  in  the  upper  observing  room.     The  angle  between 
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the  normal  to  the  scale  (wkicb  coincides  nearly  with  the  normal  to  the  axis  of  the 
magnet)  and  the  axis  of  the  telescope,  is  about  38°,  and  the  plane  of  the  mirror  is 
therefore  inclined  to  the  axis  of  the  mas:net  about  19°. 


Observations  relating  to  the  permanent  Adjustments  of  the  Horizontal- 
Force-Magnet. 

1.  Determination  of  the  times  of  vibration  and  of  the  different  readings  of  the 
scale  for  different  readings  of  the  torsion-circle,  and  of  the  reading  of  the  torsion- 
circle  and  the  time  of  vibration  when  the  magnet  is  transverse  to  the  magnetic 
meridian. 

To  render  the  process  intelligible,  it  may  be  convenient  to  premise  the  following 
explanation. 

Suppose  that  the  magnet  is  suspended  in  its  stirrup  which  is  firmly  connected  with 
the  small  plane  mirror,  with  its  marked  end  in  a  magnetic  westerly  direction  (not 
exactly  west,  but  in  any  westerly  direction  between  north  and  south),  and  suppose 
that,  by  means  of  the  telescope  directed  towards  that  mirror,  the  scale  is  read,  or 
(which  is  the  same  thing)  the  position  of  the  plane  mirror  and  of  the  stirrup,  and 
therefore  that  of  the  axis  of  the  mag-net,  are  defined.  Now  let  the  magnet  be  taken 
out  of  the  stirrup  and  replaced  vriih  its  marked  end  easterly.  The  terrestrial 
magnetic  power  will  now  act  as  regards  torsion,  in  the  direction  opposite  to  that 
in  which  it  acted  before,  and  the  magnet  -R-ill  therefore  take  up  a  different  position. 
But  by  turning  the  torsion-circle,  which  changes  the  amount  and  direction  of 
the  torsion-power  produced  by  the  oblique  tension  of  the  suspending  cords,  the 
magnet  may  be  made  to  take  the  same  position,  but  with  reversed  direction  of  poles, 
as  at  first  (which  will  be  proved  by  the  reading  of  the  scale,  as  viewed  in  the  plane 
mirror,  being  the  same).  The  reading  of  the  torsion-circle  will  now  be  difierent 
from  what  it  was  at  first.  The  effect  of  this  operation  then  is,  to  give  us  the 
difference  of  torsion-circle-readings  for  the  same  position  of  the  magnet-axis  mth 
the  marked  end  opposite  ways,  but  it  gives  no  information  as  to  whether  the  magnet- 
axis  is  accurately  transverse  to  the  meridian,  inasmuch  as  the  same  operation  can 
be  performed  whether  the  magnet-axis  is  transverse  or  not. 

But  there  is  another  observation  which  will  inform  us  whether  the  magnet-axis  is 
or  is  not  accurately  transverse.  Let  the  time  of  vibration  be  taken  in  each  position 
of  the  magnet.  Resolve  the  ten'estrial  magnetic  force  acting  on  the  poles  of  the 
magnet  into  two  parts,  one  transverse  to  the  magnet,  the  other  longitudinal.  In  the 
two  positions  of  "the  magnet  (marked  end  westerly  and  marked  end  easterly,  with 
axis  in  the  same  position),  the  magnitude  of  the  transversal  force  is  the  same,  and 
the  changes  which  the  torsion  undergoes  in  a  vibration  of  given  extent  are  the  same, 
and  the  time  of  vibration  (if  there  were  no  other  force)  would  be  the  same.     But 
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there  is  another  force,  namely,  the  longitudinal  force ;  and  when  the  marked  end  is 
northerly,  this  tends  from  the  center  of  the  magnet's  length,  and  when  it  is  southerly 
it  tends  towards  the  center  of  the  magnet's  length;  and  in  a  vibration  of  given 
extent  this  produces  force,  in  one  case  increasing  that  from  the  torsion  and  in  the 
otlier  case  diminishing  it.  The  times  of  vibration  therefore  will  be  different.  There 
is  only  one  exception  to  this,  which  is  when  the  magnet-axis  is  transverse  to  the 
magnetic  meridian,  in  which  case  the  longitudinal  force  vanishes. 

The  criterion  then  of  the  position  truly  transverse  to  the  meridian  (which  position 
is  necessary  in  order  that  the  indications  of  our  instrument  may  apply  truly  to 
changes  of  the  magnitude  of  terrestrial  magnetic  force  without  regard  to  changes  of 
direction)  is  this.  Find  the  readings  of  the  torsion-circle  which,  with  magnet  in 
reversed  positions,  will  give  the  same  readings  of  the  scale  as  viewed  by  reflexion  in 
the  plane  mirror,  and  -^vill  also  give  the  same  time  of  vibration  for  the  magnet. 
With  these  readings  of  the  torsion-circle  the  magnet  is  transverse  to  the  meridian ; 
and  the  difference  of  the  readings  of  the  torsion-circle  is  the  difference  between  the 
position  when  terrestrial  magnetism  acting  on  the  magnet  twists  it  one  way,  and 
the  position  when  the  same  force  twists  it  the  opposite  way,  and  is  therefore  double 
the  angle  due  to  the  torsion-force  of  the  suspending  lines  when  they  neutralize  the 
force  of  terrestrial  magnetism. 

The  following  table  exhibits  the  elements  of  the  determination  made  on  1877, 
January  4 : — 


1877- 
Day. 

The  Marked  end  of  the  Magnet. 

West 

East. 

Torsion- 
Circle 
Reading. 

Scale 
Reading. 

Difference  of 

Scale  Readings 

for  1'  of 

Torsion. 

Mean  of 
the  Times 

of 
Vibration. 

Torsion- 
Circle 
Reading. 

Scale 
Reading. 

Difference  of 

Scale  Readings 

for  I'of 

Torsion. 

Mean  of 
the  Times 

of 
Vibration. 

Jan.        4 

.43 
144 
145 
146 

H7 
148 

dit. 

41-65 
49-54 
57-98 
65-92 

74'69 
81-94 

div 

7-89 
8-44 

7"94 
8-77 
7-25 

21-20 
21  -02 
20-86 
20-68 

20 -5o 

20-36 

226 

227 
228 
229 
23o 

23l 

div. 

40-34 
48-44 
57-00 
64-73 
72-91 
81-24 

div* 
8-10 

8-56 
7-73 
8-18 
8-33 

20-26 
20-40 
20-52 
20-66 
2o-8o 

20-98 

The  times  of  vibration  and  scale  readings  were  sensibly  the  same,  when  the 
torsion-circle  read  146°.  0',  marked  end  West,  and  229°.  9',  marked_  end  Bast,  differ- 
ing 83°.  9'.  Half  this  difference,  or  41°.  34'-5,  is  the  angle  of  torsion  when  the 
magnet  is  transverse  to  the  meridian.  The  value  deduced  from  the  whole  of  the 
observations  above  was  41°.  34'-3. 
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The  value  adopted  in  the  reduction  of  observations  through  the  year  1877  was 
41^.  34''25,  as  used  in  the  three  previous  years. 

The  reading  adopted  for  the  torsion-circle,  marked  end  of  magnet  west,  was 
146"^.  0'  through  the  year. 

2.  Computation  of  the  angle  corresponding  to  one  division  of  the  scale,  and  of  the 
vai'iation  of  the  horizontal  force  (in  terms  of  the  whole  horizontal  force)  which  moves 
the  magnet  through  a  space  corresponding  to  one  division  of  the  scale. 

It  was  foimd  by  accurate  measurements,  on  1864,  November  3,  that  the  distance 
from  51'"''-  on  the  scale  to  the  center  of  the  face  of  the  plane  mirror  is  90'838  inches, 
and  that  the  length  of  SO'^^'-So  of  the  scale  is  exactly  12  inches ;  consequently  the 
angle  at  the  mirror  subtended  by  one  di-\-ision  of  the  scale  is  14'.  43"-25,  or.  for  change 
of  one  division  of  scale-reading,  the  magnet  is  turned  through  an  arc  of  7'.  21""625. 

The  variation  of  horizontal  force  (in  terms  of  the  whole  horizontal  force)  for  a 
disturbance  through  one  division  of  the  scale,  is  computed  by  the  formula,  "  Cotan. 
angle  of  torsion  X  value  of  one  division  in  terms  of  radius."  Using  the  numbers 
above  given,  the  value  is  found  to  be  0-002414  through  the  year  1877. 

3.  Determination  of  the  compound  effect  of  the  vertical-force-magnet  and  tlie 
declination-magnet  on  the  horizontal-force-magnet,  when  suspended  with  its  marked 
end  towards  the  "West. 

The  details  of  the  experiments,  made  while  the  old  vertical-force-magnet  was  in 
use,  will  be  found  in  the  volumes  for  1841,  1842,  1843,  1844,  1845.  The  eflfect  was 
to  increase  the  readings  by  0''"-487.  On  mounting  a  new  vertical-force-magnet  in 
1848,  similar  experiments  were  made,  and  the  resulting  number  was  0''"'*45.  These 
quantities  are  totally  unimportant  in  their  influence  on  the  registers  of  changes  of 
horizontal  force.  No  experiments  have  been  made  since  the  magnets  were  placed  in 
the  basement. 

4.  Effect  of  the  damper. 

In  the  year  1865,  from  May  17  to  May  25,  observations  were  made  for  ascertaining 
the  deflection  of  the  magnet  produced  hj  turning  the  damper  through  a  small  angle 
round  a  vertical  axis  passing  through  its  center. 

Damper  in  usual  Position. 


end  towards  S.,  increase  of  scale-reading — 0'2.51 

W. 

Damper  turned  through  4°  i 


(W. 

Dmnper  turned  through  2° -j^  ^^._  ^_^,,  j^^.^^^^  jj^  ^^  _^  +0-050 

\V.  end  towards  S.,  „  „  —0-34 

W.  end  towards  N,,  „  „  +0-16 

Dampku  reversed  End  for  End, 

diT. 

f  W.  end  towards  S.,  increase  of  scale-reading —0'  15 

Damper  turned  through  2' I  ^^,_^,^j,^^^,_^j.j^;^.^  ^^  _  _0.q2 

W.  end  towards  S.,  ,,  „  —0-12 

end  towards  N.,  „  „  +0-08 


Damper  turned  tlirough  4    < 
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On  1865,  July  25,  observations  were  made  to  ascertain  whether  the  effect  of  an 
external  deflecting  cause  is  the  same  with  the  damper  present  and  the  damper 
removed.  A  small  magnet  was  placed  with  its  marked  end  pointing  N.  at  the  dis- 
tance 4  feet  S.  of  the  unmarked  end  of  the  horizontal-force-magnet,  deflecting  the 
magnet  through  T'"'  of  the  scale,  and  the  scale-readings  were  observed  with  the 
damper  in  its  usual  place  and  the  damper  away.  Three  experiments  were  made, 
containing  twenty-four  observations  of  position.  Not  the  smallest  difference  of 
position  of  the  horizontal-force-magnet  was  produced  by  the  presence  or  absence  of 
the  damper.     The  observations  were  very  easy,  and  the  result  is  certain. 

No  experiments  on  the  damper  have  been  made  since  1865. 

5.  Determination  of  the  correction  for  the  effect  of  temperature  on  the  horizontal- 
force-magnet. 

In  the  Introduction  to  the  volume  of  Magnetical  and  Meteorological  Observations 
for  1847  will  be  found  a  detailed  account  of  observations  made  in  the  years  1846  and 
1847  for  determination  of  this  element.  The  j^rinciple  adojjted  was  that  of  observino- 
the  deflection  which  the  magnet  (to  be  tried)  produces  on  another  magnet;  the 
magnet  (to  be  tried)  being  carried  by  the  same  frame  which  carries  the  telescope  that 
is  directed  to  the  plane  mirror  attached  to  the  other  magnet,  and  which  also  carries 
the  scale  that  is  \aewed  in  these  experiments  by  reflection  in  that  plane  mirror.  The 
rotation  of  the  frame  was  measured  by  a  graduated  circle  about  23  inches  in  diameter. 
The  magnet  (to  be  tried)  was  always  on  the  eastern  side  of  the  other  magnet.  It 
was  enclosed  in  a  copper  trough,  which  was  filled  with  water  at  different  tempe- 
ratures. One  end  of  the  magnet  (to  be  tried)  was  directed  towards  the  other  magnet. 
The  values  found  for  correction  of  the  results  as  to  horizontal  force  determined  with 
the  magnet  at  temperature  f  in  order  to  reduce  them  to  what  they  would  have  been 
if  the  temperature  of  the  magnet  had  been  32°,  expressed  as  multiples  of  the  whole 
horizontal  force,  were,''' 
When  the  marked  end  of  the  magnet  (to  be  tried)  was  West, 

0-00007137  {t  -  32)  +  0-000000898  {t  -  32)^ 
When  the  marked  end  of  the  magnet  (to  be  tried)  was  East, 

0-00009050  {t  -  32)  +  0-000000626  {t  -  32)1 
The  mean,  or 

0-00008093  [t  -  32)  +  0-000000762  [t  -  Z2f 
has  been  embodied  in  tables  which  have  been  used  in  the  computation  of  the  "  Ee- 
duction  of  Magnetic  Observations  1848-1857,"  attached  to  the  Volume  of  Observa- 
tions 1859,  and  in  the  computation  for  "  Days  of  Great  Magnetic  Disturbance  1841- 
1857,"  attached  to  the  volume  for  1862.     The  same  formula  has  been  employed  in 

*  By  inadvertence  in  printing  the  Introduction,  1847,  tlie  letter  t  has  been  used  in  two  different  senses 
Greenwich  Magnetical  and  Meteokological  Ouseevations,  1877.  d 
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the  "•  Eeduction  of  the  Magnetic  Observations  from  1858-1863,"  published  in  the 
volume  for  1867. 

In  the  year  1864  obsei-vations  were  made  for  ascertaining  the  temperature-co- 
efficient by  heating  the  magnet  by  hot  air.  The  magnet,  whose  variation  of  power 
in  different  temperatures  was  to  be  determined,  was  placed  in  a  copper  box  planted 
upon  the  top  of  a  copper  gas  stove,  whose  heat  could  be  regulated  by  manipulation 
of  a  tap,  and  from  which  rose  a  stream  of  heated  air  (not  the  air  vitiated  by  combus- 
tion) through  a  large  opening  in  the  bottom  of  the  box.  The  stove  used  for  this 
purpose  was  the  same  which  is  now  used  for  warming  the  Magnetic  Basement.  It  was 
placed  in  the  Magnetic  Office,  No.  7,  in  a  position  magnetic  south  of  the  deflexion- 
apparatus  used  in  the  operation  for  ascertaining  the  absolute  measure  of  horizontal 
magnetic  force.  The  liot  air  which  rose  through  the  opening  in  the  center  of  the 
bottom  was  discharged  by  adjustible  openings  near  the  extreme  ends  of  the  top. 
Three  windows  were  provided  for  reading  three  thermometers.  The  box,  and  the 
magnet  which  it  inclosed,  were  placed  in  a  magnetic  E.  and  W.  position.  The 
needle  whose  deflection  exhibited  the  power  of  the  magnet  was  that  which  is  employed 
in  the  ordinary  use  of  the  deflexion-apparatus.  The  proportion  of  the  power  of  the 
magnet  (under  definite  circumstances)  to  the  earth's  directive  horizontal  power  was 
expressed  by  the  tangent  of  the  angle  of  deviation.  Obsei-vations  were  made  with 
temperatures  both  ascending  and  descending.  The  intervals  of  obseiwation  at 
different  temperatures  were  sufficiently  small  to  permit  the  assumption  that  the 
earth's  force  had  not  sensibly  changed.  The  following  is  an  abstract  of  the  principal 
results : — 

Omitting  some  days  of  less  perfect  series,  satisfactory  sei-ies  of  observations  were 
made  on  1864,  February  21,  22,  23,  and  March  10.  The  tangents  of  angle  of 
deflection  were  as  follows  : — 


13  observations  with  marked  end  E 
13  ,, 


E-l  0 

,,r  >  at  mean  temperature  36*8  Fahrenheit  gave  0-403711 

21  ,,  marked  end  E  T 

.,..  ^y  >  „  61-3  „  0-400836 

17  „  marked  end  E  "1 

, '  ,v  i  »  90'3  „  O-4O0J79 

lo  „  •)  '»  J 

From  these  it  was  inferred  that  the  tangent  of  angle  of  deflection  coidd  be  repre- 
sented by — 

0-404559  X  I  1  -  0-0004610  x  (<  —  32)  +  0-000005061  x  (<  -  32)^  j 

On  comparing  the  quantity  within  the  bracket  (whicli  expresses  the  law  of 
magnetic  power  as  depending  on  temperature)  witli  thai  found  in  1<S47,  which,  as 
above  Stated,  is — 

I  1    -  0-00008093    X  (<  —  32)  -  0-000000762    x  (<  —  32)- j 
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it  will  be  seen  that  the  difference  is  great.  The  second  terms  differ  greatly  in 
magnitude,  and  the  third  terms  in  sign. 

Possibly  some  light  may  be  thrown  on  the  difference  by  the  following  remark. 
The  two  formulse  give  the  same  values  for  t  =  32°  and  for  t  =  97°-3.  And  they 
give  equal  degrees  of  change  per  degree  when  t  =  C5°.  It  would  seem  therefore 
that  the  real  discordance  is  in  the  experimental  values  for  the  mean  temperatures 
only,  or  principally ;  and  that  it  is  probable  that  there  is  some  error  in  the  hot-air 
process  for  the  middle  temperatures. 

I  insert  here  (although  not  applying  to  the  observations  of  the  present  volume)  the 

results  of  a  similar  examination  of  the  Old  Vertical  Force  Magnet,  which  was  in  use 

from  1848  to  the  beginning  of   1864.     Omitting  less  perfect  series,  observations 

made  on  1864,  February  21  and  24,  gave  the  following  values  for  tangents  of  angles 

of  deflection : — 

7  observations  with  marked  end  E  \  o 

_  \V  -I  "■*  ™^^"  temperature  34-2  Fahrenheit  gave  0-279985 


marked  end  E|  ^^.^  ^.^^^^^^ 

marked  end  E  J  ^^  g^..  ^^  ^.^^^^^g 


From  these  it  was  inferred  that  the  tangent  of  angle  of  deflection  could  be  repre- 
sented by — 

0-280526    X  I  1   —  0-00088607    x  {t  —  32)   +  00000045594   X  (<  —  32)-' j 

The  expression  found  in  1847  for  the  law  of  force  in  the  original  Vertical  Force 
Magnet  was — 

|l   -  0-00015816   X  {(  —  32)  -  0-000001172    x  {t  -  32y-\ 

giving  a  discordance  of  the  same  kind  as  that  found  for  the  horizontal  force,  but 
still  larger.  The  formuliB  agree  only  when  t  =  32°  and  when  t  =  159°-0.  The 
discordance  cannot  be  removed  by  a  supposition  similar  to  that  made  above. 

Returning  now  to  the  temperature-correction  of  the  Horizontal  Force  Magnet. 
The  unsatisfactory  character  of  the  comparisons  just  given  induced  me  at  the 
beginning  of  1868  to  try  the  method  of  heating  the  air  of  the  Magnetic  Basement 
genei'ally  (by  means  of  the  gas-stove),  leaving  the  magnets  in  all  respects  in  their 
ordinary  state,  and  comparing  their  indications  as  recorded  in  the  ordinary  way,  but 
at  different  temperatures.*  Experiments  were  at  first  made  at  intervals  of  a  few 
hours  in  the  course  of  one  day,  but  it  was  soon  found  that  the  magnet  did  not 
acquire  the  proper   temperature ;    moreover,  the  result  was  evidently  affected  by 

*  This  method  was  first  used  for  magnets,  so  far  as  I  am  aware,  at  the  Kew  Observatory.  It  had  been 
used  for  pendulums  by  General  Sir  Edward  Sabine  and  by  myself. 
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diurnal  inequality.  After  this,  an  entire  day  was  in  eacli  case  devoted  to  the  effects 
of  each  temperature  (high  or  low,  as  the  case  might  be).  The  principal  series  of 
oljservations  were  made  with  the  horizontal  force  magnet  in  its  ordinary  position, 
or  marked  end  to  the  west ;  but  a  few  were  made  with  the  marked  end  to  the  east. 
In  some  instances,  the  numbers  given  are  the  result  each  of  several  observations; 
but  in  other  instances,  the  result  is  that  of  a  single  observation,  taken  when  all  the 
apparatus  had  acquired  unusual  steadiness.     The  following  are  the  results : — 


RESULTS  OF  TEMPERATURE  EXPERIMENTS  UPON  THE  HORIZONTAL 
FORCE  MAGNET,  MARKED  END  WEST. 
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RESULTS  OF  TEMPERATURE  EXPERIMENTS  UPON  THE  HORIZONTAL 
FORCE  MAGNET,  MARKED  END  EAST. 
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These  results  do  not  differ  greatly  from  those  -which  ai'e  given  by  application  of 
the  formula  found  in  1847.  It  is  important  to  observe  that  they  include  the  entire 
effects  of  temperature  upon  all  the  various  parts  of  the  mounting  of  the  magnet,  as 
well  as  on  the  magnet  itself ;  and  for  this  reason  I  think  them  deserving  of  great 
confidence.  Still  I  have  thought  it  prudent,  at  present,  to  omit  application  of 
corrections  for  temperature. 

The  method  of  observing  with  the  horizontal-foi'ce-magnet  is  the  following  : — 

A  fine  vertical  wire  is  fixed  in  the  field  of  view  of  the  telescope,  which  is  directed 
to  the  plane  mirror  carried  by  the  magnet.  On  looking  into  the  telescope,  the 
graduations  of  the  fixed  scale,  mentioned  in  page  xxi,  are  seen ;  and  during  the 
oscillations  of  the  magnet,  the  divisions  of  the  scale  are  seen  to  pass  alternately  right 
and  left  across  the  wire.  The  clock-time,  for  which  the  position  of  the  magnet  is  to 
be  determined,  is  5  minutes  later  than  that  for  the  observation  of  declination.  The 
first  observation  is  made  by  the  observer  applying  his  eye  to  the  telescope  40"*  before 
the  arranged  time,  and,  if  the  magnet  is  in  a  state  of  vibration,  he  observes  the  next 
four  extreme  points  of  vibration  of  the  scale,  and  the  mean  of  these  is  adopted  in  the 
same  manner  as  for  the  declination-observations  ;  but  if  it  appears  to  be  at  rest,  then 
at  IC  before  the  pre-arranged  time,  he  notes  the  reading  of  the  scale ;  and  10"  after 
the  pre-arranged  time  he  notes  whether  the  reading  continues  the  same,  and  if  it 
does,  that  reading  is  adopted  as  the  result.  If  there  is  a  slight  difference  in  the 
readings,  the  mean  is  taken.  The  times  of  observation  are  usually  l'\  3'',  O"",  and  21'' 
of  Greenwich  mean  time. 

The  number  of  instances  when  the  magnet  was  observed  in  a  state  of  vibration 
during  the  year  1S77  is  very  small. 

Outside  the  double  box  is  suspended  a  thermometer  which  is  read  on  every  week 
day,  at  0\  P,  2^  3^  9\  2P,  22'\  and  23".     A  few  readings  are  taken  on  Sunday. 
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Self-registering  maximum  and  minimum  tliermometers  placed  outside  the  box  were 
formerly  read  twice  every  day,  but  in  consequence  of  the  veiy  small  diurnal  range  of 
temperature,  these  observations  have  not  been  continued. 

§  0.  rhotorfraphic  self-registeiing  Apparatus  fw  Continuous  Record  of  Magnetic 
Hoi'izmital  Force. 

Referring  to  the  general  description  of  photographic  apparatus,  the  following 
remarks  apply  more  particularly  to  that  which  is  attached  to  the  horizontal-force- 
magnet.  A  concave  mirror  of  speculum-metal.  4  inches  in  diameter,  is  carried  by 
the  magnet-carrier.  The  light  of  a  gas-lamp  shines  through  a  small  aperture  about 
0'""3  high,  and  0'"-01  broad  (which  is  supported  by  the  solid  base  of  the  brick  pier 
carrying  the  magnet-support),  at  the  distance  of  about  21 '25  inches  from  the 
concave  mirror,  and  is  made  to  converge  to  a  point,  on  the  north  surface  and  near 
the  east  end  of  the  same  revolving  cylinder  which  receives  the  light  from  the 
concave  mirror  of  the  declination-magnet.  A  cylindrical  lens  parallel  to  the  axis 
of  the  cylinder  receives  the  somewhat  elongated  image  of  the  source  of  light,  and 
converts  it  into  a  well-defined  spot.  The  motions  of  this  spot  parallel  to  the 
axis  represent  the  angular  movements  of  the  magnet  which  are  produced  by  an 
increase  of  terrestrial  magnetic  force  overcoming  more  completely  the  torsion-force 
of  the  bifilar  suspension,  or  by  a  diminution  of  terrestrial  force  yielding  to  the 
torsion-force. 

As  the  spot  of  light  from  the  horizontal-force-mirror  falls  on  the  side  of  the 
cylinder  opposite  to  that  on  which  the  light  from  the  declination-mirror  falls,  the 
same  time-scale  will  not  apply  to  both  ;  it  is  necessary  to  prepare  a  time-scale 
independently  for  each. 

The  following  is  the  calculation  by  which  the  scale  of  horizontal  force  on  the 
photographic  sheet  is  determined.  The  distance  between  the  surface  of  the  concave 
mirror  and  the  surface  of  the  cylinder  is  134"436  inches ;  consequently,  one  degree 
of  angular  motion  of  the  magnet,  producing  two  degrees  of  angular  motion  of  the 
reflected  ray,  moves  the  spot  of  light  through  4-6927  inches.  For  the  year  1877  the 
adopted  value  of  variation  of  horizontal  force  for  one  degree  of  angular  motion  of 
the  magnet  =  sin.  1°  x  cotan.  41°.  34'-25  =  0-019679  ;  and  the  movement  of  the 
spot  of  light  for  0-01  part  of  the  whole  horizontal  force  is  2-385  inches.  With  this 
fundamental  number,  the  graduations  of  the  pasteboard  scale  for  measure  of 
horizontal  force  have  been  prepared. 

§  7.   Vertical-Force-Magnet,  and  Apparatus  fo7-  observing  it. 

The  vertical-force-magnet  in  use  to  1848  was  made  by  Robinson  :  that  in  use 
from  1848  to  1864.  January  20.  was  by  Barrow.     The  magnet  now   in   use  is  by 
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Simms.  Its  length  is  !"■  6'"- ;  it  is  pointed  at  the  ends.  After  some  trials,  it  was 
re-magnetized  by  Mr.  Simms  on  1864,  June  15.  Between  1864,  August  27,  and 
September  27,  a  new  knife-edge  was  attached  to  it,  to  remedy  a  defect  which,  as  was 
afterwards  found,  arose  from  a  cause  that  had  no  relation  to  the  knife-edge.  Its 
supporting  frame  rests  upon  a  solid  pier,  built  of  brick  and  capped  with  a  thick 
block  of  Portland  stone,  in  the  western  arm  of  the  magnetic  basement.  Its  position 
is  as  nearly  as  possible  symmetrical  with  that  of  the  horizontal-force-magnet  in  the 
eastern  arm.  Upon  the  stone  block  is  fixed  the  supporting  frame,  consisting  of  two 
pillars  (connected  at  their  bases)  on  whose  tops  are  the  agate  planes  upon  which 
vibrate  the  extreme  parts  of  the  knife-edge  (to  be  mentioned  immediately).  The 
carrier  of  the  magnet  is  an  iron  frame,  to  which  is  attached,  by  clamps  and  pinching 
screws,  a  steel  knife-edge,  about  8  inches  long.  The  steel  knife-edge  passes  through 
an  aperture  in  the  magnet.  The  axis  of  the  magnet  is  as  nearly  as  possible  trans- 
verse to  the  meridian,  its  marked  end  being  east.  The  axis  of  vibration  is  as  nearly 
as  possible  north  and  south.  To  the  southern  end  of  the  iron  frame,  and  projecting 
further  south  than  the  end  of  the  knife-edge,  is  fixed  a  small  plane  mirror,  whose 
plane  makes  with  the  axis  of  the  magnet  an  angle  of  52|°  nearly.  The  fixied 
telescope  (to  be  mentioned)  is  directed  to  this  mirror,  and  by  reflexion  at  the  surface 
of  the  mirror  it  views  a  vertical  scale  (to  be  mentioned  shortly).  The  height  of  this 
mirror  above  the  floor  is  about  2"-  10'""6.  Before  the  introduction  of  the  photo- 
graphic methods,  the  magnet  was  placed  in  a  perforation  of  a  brass  frame  midway 
between  its  knife-edges.  But  since  the  photographic  method  was  introduced,  the 
magnet  has  been  placed  excentrically  ;  the  distance  of  its  southern  face  from  the 
nearest  end  of  the  southern  knife-edge  being  nearly  2  inches,  and  a  space  of 
4i  inches  in  the  northern  part  of  the  iron  frame  being  left  disposable.  In  this 
disposable  space  there  is  attached  to  the  iron  frame  by  three  clips  a  concave  mirror 
of  speculum-metal,  with  its  face  at  right  angles  to  the  length  of  the  magnet ;  it  is 
used  in  the  photographic  system  (shortly  to  be  described).  Near  the  north  end  of 
the  iron  frame  are  fixed  in  it  two  screw-stalks,  upon  which  are  adjustible  screw- 
weights  ;  one  stalk  is  horizontal,  and  the  movement  of  its  weight  affects  the  position 
of  equilibrium  of  the  magnet  (which  depends  on  the  equilibrium  between  the 
moments  of  the  vertical  force  of  terrestrial  magnetism  on  the  one  hand  and  of  the 
magnet's  center  of  gravity  on  the  other  hand) ;  the  other  stalk  is  vertical,  and  the 
movement  of  its  weight  affects  the  delicacy  of  the  balance,  and  varies  the  magnitude 
of  its  change  of  position  produced  by  a  change  in  the  vertical  force  of  terrestrial 
magnetism. 

The  whole  is  inclosed  in  a  rectangular  box.  This  box  is  based  upon  the  stone 
block  above  mentioned ;  and  in  it,  in  a  space  separated  from  the  rest  by  a  thin 
partition,  the  magnet  vibrates  freely  in  the  vertical  plane.  In  the  south  side  oi;'  the 
box  is  a  hole  covered  by  glass,  through  which  pass  the  rays  of  light  from  the  scale  to 
the  plane  mirror,  and  through  which  they  are  reflected  from  the  plane  mirror  to  the 
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telescope.  And  at  the  east  end  is  a  large  hole  covered  by  glass,  through  which 
passes  the  light  from  the  lamp  to  the  concave  mirror,  and  thi'ough  which  it  is 
reflected  to  the  photographic  cylinder  (to  be  described  hereafter). 

The  telescope  is  fixed  to  the  west  side  of  the  brick  pier  which  supports  the 
stone  pier  in  the  upper  room  carrying  the  declination-theodolite.  Its  position  is 
symmetrical  with  that  of  the  telescope  by  which  the  horizontal-force-magnet  is 
observed  :  so  that  a  person  seated  in  a  convenient  position  can,  by  an  easy  motion  of 
the  head  left  and  right,  observe  the  vertical-force  and  horizontal-force-magnets. 

The  scale  is  vertical :  it  is  fixed  to  the  pier  which  carries  the  telescope,  and  is  at  a 
very  small  distance  from  the  object-glass  of  the  telescope.  The  wire  in  the  field  of 
view  of  the  telescope  is  horizontal.  The  telescope  being  directed  towards  the  mirror, 
the  observer  sees  in  it  the  reflected  divisions  of  the  scale  passing  upwards  and 
downwards  over  the  fixed  wire  as  the  magnet  vibrates.  The  numbers  of  the  scale 
increase  from  top  to  bottom  ;  so  that,  when  the  magnet  is  placed  with  its  marked 
end  towards  the  East,  increasing  readings  (as  seen  with  the  fixed  telescope)  denote 
an  increasinsr  vertical  force. 


Observations  relating  to  the  permanent  Adjustments  of  the  Yeetical- 

rORCE-MAGNET. 

1.  Determination  of  the  compound  efiect  of  the  declination-magnet,  the  horizontal- 
force-magnet,  and  the  iron  afiixed  to  the  electrometer  pole,  on  the  vertical-force- 
magnet. 

The  experiments  applying  to  the  magnets  are  given  in  the  volumes  for  1840-1841 
to  1845 :  and  those  applying  to  the  electrometer  pole  in  the  volume  for  1842.  It 
appeared  that  no  sensible  disturbance  was  produced  on  the  magnet  formerly  in  use. 
No  experiments  have  been  made  with  the  new  magnet. 

2.  Determination  of  the  time  of  vibration  of  the  vertical-force-magnet  in  tlie 
vertical  plane. 

In  the  year  1877,  vibrations  of  the  vertical-force-magnet  were  observed  on  91 
different  days,  and  with  readings  of  various  divisions  of  the  scale.  The  mean  time 
of  vibration  adopted  for  the  year  was  16*-20G. 

3.  Determination  of  the  time  of  vibration  of  the  vertical-force-magnet  in  the 
horizontal  plane. 

1877,  January  2-3.  The  magnet  with  all  its  apparatus  was  suspended  from  a 
tripod  in  Magnetic  Office,  Xo.  G,  its  broad  side  being  in  a  plane  parallel  to  the 
horizon  ;  therefore,  its  moment  of  inertia  was  the  same  as  Avhen  it  is  in  observation. 
A.  telescope,  "\vith  a  wire  in  its  focus,  was  directed  to  the  reflector  carried  by  the 
magnet.  A  scale  of  numbers  was  placed  on  the  floor  of  the  room,  at  right  angles 
to  the  long  axis  of  the  magnet,  or  parallel  to  the  mirror.     The  magnet  was  observed 
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only  at  times  when  it  was  swinging  through  a  small  arc.  From  1,000  vibrations, 
the  mean  time  of  one  vibration  =:16'-959.  This  number  is  used  through  the  year 
1877. 

4.  Computation  of  the  angle  through  which  the  magnet  moves  for  a  change  of 
one  division  of  the  scale;  and  calculation  of  the  disturbing  force  producino-  a  move- 
ment through  one  division,  in  terms  of  the  whole  vertical  force. 

The  distance  from  the  scale  to  the  mirror  is  186-07  inches,  and  each  division  of 
12 
the  scale  =30735  inches.     Hence  the  angle  which  one  division  subtends,  as  seen  from 

the  mirror,  is  7'.  H"-19;  and  therefore  the  angular  movement  of  the  normal  to  the 

mirror,  corresponding  to  a  change  of  one  division  of  the  scale,  is  half  this  quantity, 

or  3'.  35"-60. 

But  the  angular  movement  of  the  normal  to  the  mirror  is  not  the  same  as  the 
angular  movement  of  the  magnet;  but  is  less  in  the  proportion  of  unity  to  the 
cosine  of  the  angle  which  the  normal  to  the  mirror  makes  with  the  magnet,  or  in 
the  proportion  of  unity  to  the  sine  of  the  angle  which  the  plane  of  the  mirror  makes 
with  the  magnet.  This  angle  has  been  found  to  be52f°;  therefore,  dividing  the 
result  just  obtained  by  sine  52|°,  we  have,  for  the  angular  motion  of  the  magnet 
corresponding  to  a  change  of  one  division  of  the  scale,  4'.  30""85. 

From  this,  the  value,  in  terms  of  the  whole  vertical  force,  of  the  disturbing  force, 
producing  a  change  of  one  division,  is  to  be  computed  by  the  formula,  "  Value  of 
DiAnsion  in  terms  of  radius  X  cotan.  dip  X  y^  "' ;  where  T  is  the  time  of  vibration 
in  the  horizontal  plane,  and  T  the  time  of  vibration  in  the  vertical  plane. 

For  the  year  1877,  T'  was  assumed  =  16^-959,  T  =  16^-206,  dip  =  67°.  39'.  38". 
From  these  numbers,  the  change  of  the  vertical  force,  in  terms  of  the  whole  vertical 
force,  corresponding  to  one  division  of  the  scale,  is  found  =  0'000591. 

5.  Investigation  of  the  temperature-correction  of  the  vertical-force-magnet. 

The  new  vertical-force-magnet  was  subjected  to  experiments  by  inclosing  it  in  a 

copper  box,  and  warming  it  by  an  injection  of  hot  air,  and  observing  the  amount  of 

deviation  which  it  produced  on  the  suspended  magnet  used  in  the  deflexion-apparatus 

for  absolute  measure  of  horizontal  force,  at  the  same  time  and  in  the  same  manner 

as   were   the   horizontal-force-magnet   and    the   old    vertical-force-magnet,    in    the 

experiments  described  in  pages  xxvi  and  (nxvii.     Observations  made  on  1864,  February 

20,  25,  March  3,  9,  gave,  for  the  tangents  of  the  angles  of  deflection, — 

16  observations  with  marked  end  El  ° 

jg  ^r  J  at  mean  temperature  36-6  Fahrenheit,  gave  0-172352 

62-2  „  0-171657 

93-3  „  0-171389 

From  these  it  appeared  that  the  tangent  of  the  angle  of  deflection  might  be 
represented  by — 

0-172522  X  {  1  -  0-0002233  x  {t  -  32)  4  0-000001894  x  {t  -  32)2  j 
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The  quantity  within  the  brackets  (which  represents  the  variation  of  magnetic 
power  in  terms  of  the  whole  power  of  the  magnet)  shows  the  same  peculiarities  as 
those  found  for  the  other  magnets ;  that  the  third  term  is  large,  and  has  a  sign 
opposite  to  that  of  the  second  term. 

The  factor  of  variation  for  V  of  Fahrenheit,  when  t  =  62",  is  —  0^0001097. 

After  these  observations,  the  new  vertical-force-magnet  was  re-magnetized  by- 
Mr.  Simms,  on  1864,  June  15. 

In  the  beginning  of  1868,  observations  were  made  in  the  metliod  already  described 
for  the   horizontal-force-magnet,  by  heating    the  magnetic  liasement    to  different 
temperatures,  and  observing  the  scale-reading  in   the  ordinary  way.     The  results 
are  as  follows : — 
RESULTS  OF  TE:MPERATURE  EXPERIMENTS  UPON  THE  VERTICAL-FORCE-MAGNET. 


i868. 
Month  and  Day. 

Temperature. 

Scale  Reading. 
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of 

Temperature. 
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of 

Scale  Reading. 
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Scale  Reading 

reduced  to  Parts  of 
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Vertical  Force. 
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Vertical  Force 
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1°  of  Temperature 
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Temperature  Coefficient  and  Photographic  Apparatus  of        ^.^^„ 
THE  Vertical-Forcb-Magnet. 

The  coefficient  of  temperature-correction  given  by  these  experiments  is  enor- 
mously greater  than  any  that  has  been  found  in  any  previous  experiments.  Yet  I 
conceive  that  there  can  be  no  doubt  of  its  accuracy.  And  it  is  easy  to  see  that  an 
instrument,  subjected  to  the  effects  of  gravity  working  differentially  on  its  two  ends, 
is  liable  to  great  changes  depending  on  temperature  which  have  no  connection  with 
magnetism.  For  instance,  if  the  point,  at  which  the  magnet  is  grasped  by  its  carrier, 
is  not  absolutely  coincident  with  its  center  of  gravity,  a  sensible  change  in  the  space 
intervening  between  the  grasping  point  and  the  center  of  gravity,  and  a  great  change 
of  magnetic  position,  may  be  pi'oduced  by  a  small  change  of  temperature.  There 
appears  to  be  no  way  of  avoiding  these  evils  but  by  maintaining  almost  uniform 
temperature ;  a  condition  which  has  been  almost  perfectly  preserved  in  the  year 
1877.     In  the  observations  which  follow,  no  correction  is  applied  for  temperature. 

The  method  of  observing  with  the  vertical-force-magnet  is  the  following : — 

A  fine  horizontal  wire  is  fixed  in  the  field  of  view  of  the  telescope,  which  is 
directed  to  the  small  plane  mirror  carried  by  the  magnet.  On  looking  into  the 
telescope,  the  graduations  of  the  fixed  vertical  scale  are  seen ;  and  during  the 
oscillations  of  the  magnet,  the  divisions  of  the  scale  are  seen  to  pass  alternately 
upwards  and  downwards  across  the  wire.  The  clock-time,  for  which  the  position  of 
the  magnet  is  to  be  determined,  is  the  same  as  that  for  the  horizontal  force  magnet. 
The  observer  applies  his  eye  to  the  telescope  about  two  vibrations  before  the  arranged 
time,  and  if  the  magnet  is  in  motion  he  observes  its  place  at  four  extreme 
vibrations  ;  and  the  mean  of  these  is  taken  as  for  the  horizontal-force-magnet.  But 
if  the  magnet  is  apparently  at  rest,  then  at  one  half-time  of  vibration  before  the 
arranged  time,  and  at  an  equal  interval  after  the  arranged  time,  the  reading  of  the 
scale  is  noted  ;  if  the  reading  continues  the  same  that  reading  is  adopted,  if  there  is 
a  slight  difference,  the  mean  is  taken.  The  times  of  observation  are  usually  l*",  3'', 
9'',  and  21*^  of  Grreenwich  mean  time. 

The  number  of  instances  in  1877  in  which  the  magnet  was  found  in  a  state  of 
vibration  is  very  small. 

Outside  the  box  is  placed  a  thermometer,  which  is  read  on  every  week  day 
at  0\  1\  2'',  3\  9^,  2P,  22\  and  23".  A  few  readings  are  taken  on  Sunday.  Self- 
registering  maximum  and  minimum  thermometers  were  formerly  read  twice  daily, 
but  in  consequence  of  the  very  small  diurnal  range  of  temperature  these  observations 
have  not  been  continued. 

§  8.  Photographic  self-registering  Apparatus  fm'  Omtinuous  Becmd  of  Magnetic 

Vertical  Farce. 

The  concave  mirror  which  is  carried  by  the  vertical-force-magnet  is  4  inches  in 
diameter ;  its  mounting  has  been  described  in  the  last  article.  At  the  distance  of 
about  22  inches  from  that  mirror,  and  external  to  the  box,  is  the  horizontal  aperture, 

e  2 
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about  0'"'3  in  leugtli  and  0'"-01  in  breadth,  carried  by  the  same  stone  block  whicli 
carries  the  supports  of  the  agate  planes.  The  lamp  which  shines  through  this 
aperture  is  carried  by  a  wooden  stand.  The  light  reflected  from  the  mirror  passes 
throtigh  a  cjdindrical  lens  with  its  axis  vertical,  very  near  to  the  cylinder  carrying 
the  photographic  paper,  and  finally  forms  a  Avell-defined  spot  of  light  on  the  cylinder 
of  paper,  at  the  distance  of  lOO'lS  inches  from  the  mirror.  As  the  movements  of 
the  magnet  are  vertical,  the  axis  of  the  cjdinder  is  vertical.  The  cylinder  is  about 
14^  inches  in  circumference,  being  of  the  same  dimensions  as  those  ttsed  for  the 
declination  and  horizontal-force  magnets,  and  for  the  earth-currents.  The  forms  of 
the  exterior  and  interior  cylinders,  and  the  method  of  mounting  the  paper,  are  in  all 
respects  the  same  as  for  the  declination  and  horizontal-force  magnets ;  but  the 
cylinder  is  supported  by  being  merely  ])lanted  upon  a  circular  horizontal  plate  (its 
position  being  defined  by  fitting  a  central  hole  in  the  metallic  cap  of  the  cylinder 
upon  a  central  pin  in  the  plate),  which  rests  on  anti-friction  rollers  and  is  made  by 
watchwork  to  revolve  once  in  twenty-four  hours.  The  trace  of  the  vertical-force- 
magnet  is  on  the  west  side  of  the  cylinder. 

On  the  east  side,  the  cylinder  receives  the  trace  produced  by  the  barometer  (to  be 
described  hereafter).  A  pencil  of  light  from  the  lamp  which  is  used  for  the 
barometer  shines  through  a  fixed  aperture ;  and  by  a  system  of  prisms  and  a  small 
cylindrical  lens,  a  photographic  base-line  is  traced  upon  the  cylinder  of  pajjer,  similar 
to  that  on  the  cylinder  of  the  declination  and  horizontal-force  magnets. 

The  scale  for  the  ordinates  of  the  photographic  curve  of  the  vertical  force  is  thus 

computed.     Eemarking  that  the  radius  which  determines  the  range  of  the  motion  of 

the  spot  of  light  is  double  the  distance  lOO'lS  inches,  and  is  therefore  =  200-86  inches, 

0.1       i?  1  1    •       ^1       1  .•  1  T     1  rfisturbino;  force  ,>,,, 

the  tormula  used  in  tJie  last  section,  when  ai>i)lied  to     ,- i  -     ..    i  i-        =^  O'Ol.  "-ives 

'  '  whole  verticil  iorce  o      ^" 

value  of  division  =  200-8(J  X  tan.  dip.  X  (-y^  X  O'Ol.     The  value  of  the  ordinate 

of  tlie  phototiraphic  curve  for  — r-^ :^-re —  =  0-01.  thus  obtained,  is,  for  the  vear 

'  '^      i  whole  vertieal  force  ■' 

lcS77,  =  4'  152  inches.     With   this  value,  the  pasteboard  scales,  used  for  measuring 

the  photographic  ordinates,  have  been  prepared. 

§  9.  Dipping  Needles,  and  Method  of  observing  tlie  Magnetic  Dip. 

The  instrument  with  which  all  the  dips  in  the  year  1877  have  been  observed,  is 
that  which,  for  distinction,  is  called  Airy's  instrument.  The  following  description 
will  probably  suffice  to  convey  an  idea  of  its  peculiarities  : — 

The  form  of  the  needles,  the  form  of  their  axes,  the  form  of  the  agate  bearings, 
and  the  general  arrangement  of  the  relieving  apparatus,  are  precisely  the  same  as 
those  in  Robinson's  and  other  instruments.  But  the  form  of  the  observing  apparatus 
is  greatly  modified,  in  ovd"."  to  secure  the  following  objects : — 
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I.  To  obtain  a  microscopic  view  of  the  points  of  the  needles,  as  in  the  instruments 
introduced  by  Dr.  Lloyd  and  General  Sir  E.  Sabine. 

II.  To  possess  at  the  same  time  the  means  of  observing  the  needles  while  in  a 
state  of  vibration. 

III.  To  have  the  means  of  observing  needles  of  different  lengths. 

lY.  To  give  an  illumination  to  the  field  of  view  of  each  microscope,  directed  from 
the  side  opposite  to  the  observer's  eye,  so  that  the  light  may  enter  past  the  point  of 
the  needle  into  the  object  glass  of  the  microscope,  forming  a  black  image  of  the 
needle-point  in  a  bright  field  of  view. 

V.  To  give  facility  for  ol)serving  by  day  or  night. 

With  these  views,  the  following  form  is  given  to  the  apparatus  : — 

The  needle,  and  the  bodies  of  the  microscopes,  are  inclosed  in  a  square  box.  The 
base  of  the  box,  two  vertical  sides,  and  the  top,  are  made  of  gun-metal  (carefully 
selected  to  insure  its  freedom  from  iron)  ;  but  the  sides  parallel  to  the  plane  of 
vibration  of  the  needle  are  of  glass.  Of  the  two  glass  sides,  that  which  is  next  the 
observer  is  firmly  fixed ;  it  is  hereafter  called  "  the  graduated  glass-plate."  The 
other  glass  side  can  be  withdrawn,  to  open  the  box,  for  inserting  the  needle,  &c. 

An  axis,  whose  length  is  perpendicular  to  the  plane  of  vibration  of  the  needles, 
and  is  as  nearly  as  possible  in  the  line  of  the  axis  of  the  needle,  supported  on  two 
bearings  (of  which  one  is  cemented  in  a  hole  in  the  graduated  glass-plate,  the  other 
being  upon  a  horizontal  bar  near  to  the  agate  support  of  the  needle-axis),  carries  a 
transverse  arm,  about  11  inches  long,  or  rather  two  arms,  projecting  about  5^  inches 
on  each  side  of  the  axis.  Bach  of  these  projecting  arms  carries  three  fixed  micro- 
scopes on  each  side,  adapted  in  position  to  the  lengths  of  the  needles  to  be  mentioned 
shortly. 

The  microscope-tube  thus  carried  is  not  the  entire  microscope,  but  so  much  as 
contains  the  object-glass  and  the  field-glass.  Upon  the  plane  side  of  the  field-glass 
(which  is  turned  towards  the  object-glass),  a  series  of  parallel  lines  is  engraved  by 
etching  with  fluoric  acid.  The  object-glass  is  so  adjusted  that  the  image  of  the 
needle-point  is  formed  upon  the  plane  side  of  the  field-glass ;  and  thus  the  parallel 
lines  can  be  used  for  observing  the  needle  in  a  state  of  vibration ;  and,  one  of 
them  being  adopted  as  standard,  the  lines  can  be  used  for  reference  to  the  graduated 
circle  (to  be  mentioned).  All  this  requires  that  there  be  an  eye-glass  also  for  the 
microscope. 

The  axis  of  which  we  have  spoken  is  continued  through  the  graduated  glass-plate, 
and  there  it  carries  another  transverse  arm  parallel  to  the  former,  and  generally 
similar  to  it,  in  which  are  fixed  three  sockets  and  eye-glasses.  Thus,  reckoning  from 
the  observer's  eye,  there  are  the  following  parts  : — 

(1.)  The  eye-glass. 
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(2.)  The  graduated  glass-plate  (its  graduations,  however,  not  intervening  in  this 
part  of  the  glass,  the  graduated  circle  being  so  large  as  to  include,  within  its  circum- 
ference, all  the  microscopes). 

(3.)  The  field-glass,  on  the  further  surface  of  which  the  parallel  lines  are 
engraved. 

(4.)  The  object-glass. 

(5.)  The  needle. 

(6.)  The  removeable  glass  side  of  the  box. 

(7.)  The  illuminating  reflector,  to  be  described  hereafter. 

The  optical  part  of  the  appai'atus  being  thus  described,  we  may  proceed  to  speak 
of  the  graduated  circle. 

The  gi"aduations  of  the  circle  (whose  diameter  is  about  9f-  inches)  are  etched  on 
the  inner  surface  of  the  graduated  glass-plate.  These  divisions  (as  well  as  the 
parallel  lines  on  the  field  glasses  of  the  microscopes)  are  beautifully  neat  and 
regular,  and  are,  I  think,  superior  to  any  that  I  have  seen  on  metal.  The  same 
piece  of  metal,  which  carries  the  transverse  arms  supporting  the  microscope  bodies, 
carries  also  two  arms  with  verniers  for  reading  their  graduations.  These  verniers 
(being  adapted  to  transmitted  light)  are  thin  plates  of  metal,  with  notches  instead  of 
lines.  The  reading  of  the  verniers  is  very  easy.  The  portion  of  the  axis  which  is 
external  to  the  graduated  glass-plate  (towards  the  observer),  and  which  has  there,  as 
already  stated,  two  arms  for  carrying  the  microscope  eye-glasses,  has  also  two  arms 
for  carrying  the  lenses  by  which  the  verniers  and  glass-plate  graduations  are  viewed. 
These  four  arms  are  the  radii  of  a  circle,  which  can  be  fixed  in  position  by  a  clamp, 
attached  to  the  gun-metal  casing  of  the  graduated  glass-plate,  and  furnished  with 
the  usual  slow-motion  screw. 

The  entire  system  of  the  two  arms  carrying  the  microscope-bodies,  the  two  arms 
carrying  the  microscopic  eye-glasses,  the  two  arms  carrying  the  verniers,  and  the  two 
arms  carrying  the  reading-glasses  for  the  verniers,  is  turned  rapidly  by  means  of  a 
button  on  the  external  side  of  the  graduated  glass-plate,  or  is  moved  slowly  by 
means  of  the  slow-motion  screw  just  mentioned. 

It  now  remains  only  to  describe  the  illuminating  apparatus.  On  the  outside  of 
the  removeable  glass  plate,  there  are  supports  for  the  axis  of  a  metallic  circle 
turning  in  a  plane  parallel  to  the  jjlane  of  needle-vibration.  This  circle  has  four 
slotted  radii,  whicli  support  eight  small  frames  carrying  })rismatic  glass  reflectors, 
each  of  which  can  turn  on  an  axis  that  is  in  the  plane  of  the  circle  but  transverse 
to  the  radius.  Two  of  these  reflectors  are  for  the  purpose  of  sending  light  through 
the  verniers,  and  therefore  are  fixed  at  the  same  radial  distance  as  the  verniers ;  the 
other  six  are  intended  for  sending  light  past  the  ends  of  the  needles  through  the  six 
microscopes,  and  are  therefore  fixed  at  distances  corresponding  to  the  fixed  micro- 
scopes.    The  circle  was  originally  turned  by  a  small  winch  near  the  observer's  hand ; 
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at  present,  the  winch  is  removed,  as  its  axis  was  found  to  be  slightly  magnetic.  At 
each  observation,  it  is  necessary  to  turn  the  circle  which  cames  the  reflectors ;  but 
this  is  the  work  of  an  instant. 

The  light  which  illuminates  the  whole  is  a  gas-burner,  in  the  line  of  the  axis  of 
rotation.  Its  rays  fall  upon  the  glass  prisms,  each  of  which,  turning  on  its  axis,  can 
be  adjusted  so  as  to  throw  the  reflected  light  in  the  required  direction. 

The  whole  of  the  apparatus,  as  thus  described,  is  planted  upon  a  horizontal  plate 
admitting  of  rotation  in  azimuth :  the  plate  is  graduated  in  azimuth,  and  verniers 
are  fixed  to  the  gun-metal  tripod  stand.  The  gas-pipe  is  led  down  the  central 
vertical  axis,  and  there  communicates  by  a  rotatory  joint  with  the  fixed  gas-pipes. 

The  needles  adapted  for  use  with  this  instrument  are — 

B„  a  plain  needle ■~\ 

B.,,  a  plain  needle (        ,       .     ,      , 

'      ,     ,   ,        „       .  ,      ,.      ., ,    ,     ,  >cach  Q  inches  Ion". 

B3,  a  loaded  needle  with  adjustible  load I 

B„  a  needle  whose  plane  passes  through  the  axis  of  the  needleJ 

C„  a  plain  needle ■\ 

Cj,  a  plain  needle \ 

C3,  a  loaded  needle  with  adjustible  load (  "' 

C„  a  needle  whose  plane  passes  through  the  axis  of  the  needle  J 

D„  a  plain  needle "\ 

Dj,  a  plain  needle I       ,    ,.     , 

-rx       ,     ,   ,        „       .,,,..,,,,  >  each  3  inches  long. 

1)3,  a  loaded  needle  with  adjustible  load I 

D„  a  needle  whose  plane  passes  through  the  axis  of  the  needle  J 

The  needles  constantly  employed  are  Bj,  Cj,  Dj,  63,  C3,  Do. 

In  discussing  carefully  the  observations  taken  with  this  instrument  (as  well  as 
with  other  dip-instruments),  great  trouble  was  sometimes  experienced  in  determining 
the  zenith-point  (or  reading  of  the  vertical  circle  when  the  points  pf  the  needle  are 
in  the  same  vertical).  To  remedy  this,  a  "  zenith-point-needle  "  was  constructed 
under  my  instructions  by  Mr.  Simms ;  and  it  has  since  been  used  as  need  required. 
It  is  a  flat  bar  of  brass ;  with  pivots  similar  to  those  of  the  dip-needles ;  and  with 
three  pairs  of  points  corresponding  to  the  three  lengths  of  needles  used ;  loaded  at 
one  end  so  as  to  take  a  position  perfectly  definite  with  respect  to  the  direction  of 
gravity;  observed  with  the  microscopes,  and  reversed  for  another  observation, 
exactly  as  the  dip-needles.  For  each  of  the  difiierent  lengths  of  dip-needles,  the 
zenith-point  is  determined  by  observation  of  that  pair  of  jjoints  of  the  zenith-point- 
needle  whose  interval  is  the  same  as  the  length  of  the  dip-needle. 

The  instrument  carries  two  levels,  one  parallel  to  the  plane  of  the  vertical  circle, 
the  other  at  right  angles  to  that  plane,  by  means  of  which  the  instrument  is  from 
time  to  time  adjusted  in  level.  The  readings  of  the  first-mentioned  level  have  for 
some  years  (since  1867)  been  recorded  at  each  separate  observation  of  dip,  and 
since  the  beginning  of  the  year  1875,  these  observed  readings  have  been  regularly 
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employed  to  correct  the  apparent  value  of  dip  for  the  small  outstanding  error  of  level. 
The  instrument  is  maintained  so  nearly  level  that  the  correction  usually  amounts  to 
a  few  seconds  of  arc  only.  During  the  observation  on  1877,  August  21,  the  level 
was  accidentally  broken :  a  new  level  was  inserted  in  the  same  carrier  before  the 
observation  of  1877,  August  22. 

The  Dip  Instrument  and  all  the  needles  are  examined,  at  the  close  of  each  year, 
and  at  other  times  if  thought  desirable,  by  Mr.  Dover. 

§  10.  Observations  fo7-  fhf  absolute  Measure  of  thr  Horkontal  Force  of  Terrestrial 

Magnetism. 

In  the  spring  of  1861.  a  Unifilar  Instniment,  similar  to  those  used  in  and  issued 
by  the  Kew  Observatory,  was  procured  by  the  courteous  application  of  G-eneral  Sir 
Edward  Sabine,  from  the  makers,  Messrs.  J.  T.  Gibson  and  Son ;  and  after  having 
been  subjected  to  the  usual  examinations,  at  the  Kew  Observatory,  for  determination 
of  its  constants  (for  which  I  am  indebted  to  the  kindness  of  Professor  Balfour 
Stewart),  was  mounted  at  the  Royal  Observatory.  Observations  with  this  instru- 
ment were  commenced  on  1861,  June  11,  and  the  instrument  is  still  in  use. 

The  deflected  magnet  (whose  use  is  mei'ely  to  ascertain  the  proportion  which  the 
power  of  the  deflecting  magnet  at  a  given  distance  bears  to  the  power  of  terrestrial 
magnetism)  is  3  inches  long,  carrying  a  small  plane  mirror.  The  deflecting  magnet 
is  4  inches  long ;  it  is  a  hollow  cylinder,  carrying  in  its  internal  tube  a  collimator, 
by  means  of  which  its  time  of  vibration  is  observed  in  another  apparatus.  The 
frame  which  supports  the  suspension-piece  of  the  deflected  magnet  carries  also  the 
telescope  directed  to  the  magnet-mirror;  it  rotates  round  the  vertical  axis  of  a 
horizontal  graduated  circle  whose  external  diameter  is  10  inches.  The  deflecting 
magnet  is  always  placed  on  the  E.  or  W.  side  of  the  deflected  magnet,  with  one  end 
towards  the  deflected  magnet.  In  the  reduction  of  the  observations,  the  precepts 
contained  in  the  skeleton  form  prepared  at  the  Kew  Observatory  have  received  the 
strictest  attention. 

The  following  is  the  explanation  of  the  method  of  reduction. 

The  distance  of  the  centers  of  the  deflected  and  deflecting  magnet  being  known, 
it  is  found  (from  observations  made  at  Kew)  that  the  magnetism  of  the  deflecting 
magnet  is  so  altered  by  induction  that  the  following  multipliers  of  its  magnetic 
moment  ought  to  be  used  in  computing  the  Absolute  Force : — 

At  distance  i  "o  foot,  factor  is  i  •ooo3i 

I  M  I  '00023 

I  -2  I  "OOOlS 

I  '3  1  "00014 

I  '4  I  -ooo  1 1 

1  -5  1  'oooog 


Absolute  Measure  of  Horizontal  Magnetic  Force.  :vli 

The  correction  of  the  magnetic  power  for  temperature  f^  of  Fahrenheit,  reducing  all 
to  35°  of  Fahrenheit,  is 

o  "00013126  (<o — 55)  -fo '000000259  ('o — 55)" 

Ai  is  ^  (distance)'  X  sine  deflection,  corrected  by  the  two  last-mentioned  quantities, 
for  distance  1  foot ;  A,  is  the  similar  expression  for  distance  1  •  3  foot ;  A',  is       ' 


(1-3)^' 

P  is  '■  ^~ .; .  A  mean  value  of  P  is  adopted  from  various  observations ;  then 
m  being  the  magnetic  moment  of  the  deflecting  magnet,  and  JT  the  Horizontal 
component   of   the    Earth's   magnetic   force,  we    have  y=Ai  x  (l  —  -r)  for  smaller 

distance,  or  =  A,  x  M  —  jrj^J  for  larger  distance.     The  mean  of  these  is  adopted  for 

the  true  value  of  -y-. 

For  computing  the  value  of  ??i,Xfrom  observed  vibrations,  it  is  necessary  to  know  K, 
the  moment  of  inertia  of  the  magnet  as  mounted.  The  value  of  log.  tt'-K  furnished 
by  Professor  Stewart  is  1  ■66073  at  temperature  30°,  and  1  •66109  at  temperature  90°. 
Then  putting  T  for  the  time  of  the  magnet's  vibration  as  corrected  for  induction, 

temperature,  and  torsion-force,  the  value  of  mXis  =  ^.     From  the  combination  of 

this  value  of  mX  with  the  former  value  of  4,,  m  and  X  are  immediately  found.     In 

the  year  1878,  a  new  and  entirely  independent  determination  of  the  value  of  iv  was 
made.     It  very  satisfactorily  confirmed  the  adopted  value. 

It  appears,  from  a  comparison  of  observations  given  in  the  Introduction  to  the 
Magnetical  and  Meteorological  Observations,  1862,  that  the  determinations  with  the 
Old  Instrument  (in  use  to  1861)  ought  to  be  diminished  by  ^Jy  part,  to  make  them 
comparable  with  those  of  the  Kew  Unifilar. 

The  computation  of  the  values  of  m  and  X  was,  to  the  year  1857,  made  in  refer- 
ence to  English  measure  only,  using  the  foot  and  the  grain  as  the  units  of  length 
and  weight ;  but,  for  comparison  with  foreign  observations  of  the  Absolute  Intensity 
of  Magnetism,  it  is  desirable  that  X  should  be  expressed  also  in  reference  to  Metric 
measure,  in  terms  of  the  millimetre  and  milligramme.  If  an  English  foot  be  supposed 
equal  to  a  times  the  millimetre,  and  a  grain  be  equal  to  S  times  the  milligramme,  then 
it  is  seen  that,  for  the  reduction  of  ^  and  mX  to  Metric  measure,  these  must  be 
multiplied  ])y  a''  and  a'3  respectively.  Hence  X'  must  be  multiplied  by  -,  and  JX" 
by  a/--  Assuming  that  the  metre  is  equal  to  39-37079  inches,  and  the  gramme 
equal  to  15-43249  grains,  log. -/!  will  be  found  to  be  =  9-6637805.  and  the  factor 
for  reducing  the  English  values  of  X  to  Metric  values  will  be  0-46108  or  97^.70-  The 
Greenwich  Magnetical  and  Meteorological  Observations,  lb77.  J' 
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values  of  X  in  Metric  measure  thus  derived  from  those  in  English  measure  are  given 
in  the  proper  table.  The  value  of  X  is  sometimes  required  in  terms  of  the  centimetre 
and  gramme,  commonly  known  as  the  C.  G.  S.  unit  (centimetre-gramme-second  unit), 
and  values  in  terms  of  this  unit  are  obtained  by  di\ading  those  referred  to  the 
millimetre  and  milligramme  by  10. 


§  11.  E.rplanafiou  of  the  Tahles  of  Eesults  of  the  Magnetical  Observations. 

The  results  contained  in  this  section  (so  far  as  relates  to  the  three  magnetometers) 
arc  founded  upon  or  derived  entirely  from  the  measures  of  the  ordinates  of  the 
Photographic  Curves,  and  refer  to  the  astronomical  day. 

Telescope  observations  of  the  magnetometers  have  usually  been  made  four  times 
every  day,  except  on  Sunday,  on  which  day  three  observations  have  usually  been 
taken.  These  observations  have  been  employed  for  forming  values  of  the  base  lines 
on  the  photographic  sheets.  Finally  a  new  base  line,  representing  a  convenient 
readino-  in  round  numbers  of  the  element  to  which  it  applies,  has  been  then  drawn  on 
each  sheet  for  convenience  of  further  treatment. 

Before  further  discussing  the  records,  the  first  step  usually  taken  is  to  divide  the 
days  of  observation  into  two  groups  ;  in  one  of  which  the  magnetism  was  generally 
so  tranquil  that  it  appeared  proper  to  use  those  days  for  determination  of  the  laws  of 
diurnal  inequality  ;  while  in  the  other  group  the  movements  of  the  magnetic  instru- 
ments were  so  violent,  and  the  photographic  curves  traced  by  them  so  irregular,  that 
it  appeared  impossible  to  employ  them,  except  by  the  exhibition  of  every  motion  of 
the  magnet  during  the  day.     A  similar  division  into  groups  had  been  made  in  two 
Memoirs  printed  in  the  Thihso])hical  Transactions.     For  the  year  1877,  however,  no 
days  have  been  found  exhibiting  sufficient  irregularity  to  render  separation  necessary. 
The  whole  of  the  photographic  sheets  for  the  year  were  therefore  treated  in  the 
followino-   way : —Through    each    ^^^lotographic    cui-ve   a    pencil    line   was    drawn, 
representing,  as  well  as  could  be  judged,  the  general  form  of  the  curve  without  its 
petty  irregularities.     These  pencil  curves  only  were  then  used ;    and  their  ordinates 
were  measured,  with  the  proper  pasteboard  scales,  at  every  hour.     These  measures 
beino-  entered  in  a  form  having  double  argument,  the  vertical  argument  ranging 
through  the  24  hours  of  the  astronomical  day,  and  the  horizontal  argument  through 
the  days  of  a  calendar  month,  the  means  of  the  numbers  standing  in  the  vertical 
columns  give  the  mean   daily  value  of  the  element,  and  the  means  of  the  numlscrs 
in  the  horizontal  columns  the  mean  monthly  value  at  each  hour  of  the  day. 

The  temperature  of  the  magnetometers  was  maintained  in  so  great  uniformity 
through  each  day  that  the  final  determination  of  the  diurnal  inequalities  of  horizontal 
and  vertical  force  should  possess  great  exactitude,  although,  in  regard   to  vertical 
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force,  the  magnitude  of  the  temperature  co-efficient  introduces  an  element  of  some 
uncertainty.  It  was,  however,  impossible  to  maintain  similar  uniformity  of  tempera- 
ture through  all  the  seasons.  Following  the  general  principle  adopted  in  recent 
years,  the  results  are  given  uncorrected  for  temperature ;  corresponding  tables  of 
mean  temperature  being  now  in  all  cases  added.  It  is  deemed  best  that,  in  the 
yearly  volumes,  the  results  should  be  thus  given,  as  more  easily  admitting  of 
independent  examination.  When,  as  is  done  from  time  to  time,  the  results  for 
series  of  years  are  collected  for  general  discussion,  the  temperature  corrections  are 
duly  taken  into  account. 

It  has  been  the  custom,  in  preceding  volumes,  to  exhibit  the  varying  Declination 
in  the  sexagesimal  divisions  of  the  circle,  and  the  variable  parts  of  the  Horizontal 
Force  and  the  Vertical  Force,  in  terms  of  the  whole  Horizontal  Force  and  whole 
Vertical  Force  respectively.  This  custom  is  still  retained  ;  but  since  the  year  1872 
an  addition  has  been  made,  carrying  out  the  principle  suggested  by  C.  Chambers,  Esq., 
Superintendent  of  the  Bombay  Observatory,  that  all  the  variable  inequalities  should 
be  expressed  in  terms  of  Gauss's  Magnetic  Unit.  In  applying  this  principle,  I  have 
adopted  the  reference  to  metrical  units  of  measure  and  weight  instead  of  British 
units ;  a  change  from  the  first  proposal,  which,  I  believe,  has  received  the  assent  of 
Mr.  Chambers.  The  formulge  for  converting  the  original  numbers  into  the  new 
numbers  are  the  following : — 

Variations  of  H.  F.  in  metrical  measure  Variation  in  former  measure 


H.  F.  in  metrical  measure  Whole  value  in  former  measure 

from  which, 

•.-r    .    .        ,.  TT  T-,  •    .         H.  F.  metrical 

Variation  of  H.  F.  metrical  =   -^ TT~i'    x    former  variation. 

Former  H.  F. 

H.F.  metrical  -r^or  ^    ^  ■      ^  ■      ^ 

The  mean  value,  for  the  year,  of  former  H.  F.  —  l'7yb5;  and  this  therefore  is  the  factor 
to  be  employed  for  transformation. 
Similarly, 

V.  F.  metrical 

Variation  of  V.  F.  metrical  =    ^f^l — ' m^     X    former  vaviutioii. 

r  ormer  V .  r . 

The  Former  V.  F.  (in  the  same  manner  as  Former  H.  F.)  =  1  ;  but  the  V.  F.  metrical 
=  H.F.  metrical  x  tan.  dip.  The  factor  is  therefore  1-7985  X  tan.  G7°.  39'.  47"* 
=  4-3772. 

The  values  given  in  Tables  VIII.  and  XIII.  for  the  adopted  zeros  (in  metrical 
units)  of  the  variable  forces,  are  formed  by  multiplying  0-8600  and  0-9600  (the 
adopted  zeros  in  the  former  expressions)  by  these  factors  respectively. 

*  Strictly  the  value  of  Dip  should  have  been  67'.  39'.  38",  but  the  diflerence  is  insignificant. 

/2 
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For  Variation  of  Declination,  expressed  in  mintites,  the  metrical  factor  is 
1-7985  X  sin.  1'  =  0-0005232. 

The  measures  as  referred  to  the  metrical  unit  (millimetre-milligramme-second), 
are  converted  into  measures  on  the  centimetre-gramme-second  (C.  G.  S.)  system  by 
dividing  by  10. 

In  preceding  years,  allusion  has  been  made  to  the  occasional  dislocations  of  the 
curve  of  Vertical  Force.     Only  one  svich  dislocation  occurred  during  the  year  1877. 

On  examining  the  monthly  values  of  Vertical  Force  in  each  year  since  the  mount- 
ing of  the  Vertical  Force  Magnet  which  has  been  used  since  1865,  it  is  remarked 
that  the  value  for  each  December  is  less  than  that  for  the  preceding  January  by 
about  J  J  ,y  part  of  the  whole :  a  quantity  far  greater  than  the  change  deduced  fi'om 
the  combination  of  Dip  and  Absolute  Horizontal  Force.  This  is  undoubtedly  caused 
by  gradual  diminution  of  the  power  of  the  magnet ;  its  determination  is  supported 
by  the  increase  in  the  time  of  horizontal  'V'ibration. 

In  the  Tables  of  Eesults  of  Observations  of  the  Magnetic  Dip,  the  result  of  each 
separate  observation  of  Dip  -ndth  each  of  the  six  needles  in  ordinary  use  is  given,  and 
also  the  concluded  monthly  and  yearly  values  for  each  needle. 

The  table  giving  the  results  of  the  observations  for  Absolute  Pleasure  of  Horizontal 
Force  requires  no  particular  explanation. 


§  12.   Wirps  a7id  Plwtografliic  self-regideiing  Apparatus  for  contimious  Bccord  of 
Spontaneous  Terrestrial  Galvanic  Oiirrents. 

In  order  to  obtain  an  exhibition  of  the  spontaneous  galvanic  currents  which  in  some 
measure  are  almost  always  discoverable  in  the  earth,  and  which  occasionally  are  very 
powerful,  it  was  necessaiy  to  extend  two  insulated  wires  from  an  earth  connexion  at 
the  Royal  Observatory,  in  two  directions  nearly  at  right  angles  to  each  other,  to 
considerable  distances,  where  they  would  again  make  connexion  with  the  earth.  By 
the  kindness  of  the  Directors  of  the  South  Eastern  Eailway  Company,  to  whom  the 
Royal  Observatory  has  on  several  occasions  been  deeply  indebted,  two  connexions 
were  made ;  one  to  a  station  near  Dartford,  at  the  direct  distance  9f  miles  nearly,  in 
azimuth  (measured  from  Nortli,  to  East,  South,  West)  102°  astronomical  or  122" 
magnetical,  the  length  of  the  connecting  wire  being  about  15|  miles ;  the  other  to  a 
station  near  Croydon,  at  the  direct  distance  8  miles,  in  azimuth  209°  astronomical, 
or  229°  magnetical,  the  length  of  the  connecting  wire  being  about  \0\  miles.  At 
these  two  stations  connexion  was  made  with  earth.  The  details  of  the  courses  were 
as  follows.  The  wires  were  soldered  to  a  water  pipe  in  the  Magnetic  Ground  at  the 
Royal  Observatory.    Thence  they  entered  the  Magnetic  Basement,  and  passed  through 
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the  coils  of  the  galvanometers  of  the  photographic  self-registering  apparatus  (to  be 
shortly  described).  They  were  then  led  up  the  electrometer  mast  to  a  height  exceeding 
50  feet,  and  thence  swung  across  the  grounds  to  a  chimney  above  the  Octagon  Eoom. 
They  descended  thence,  and  were  led  to  a^terminal  board  in  the  Astronomical  Computing 
Room,  to  which  an  intermediate  galvanometer  could  be  attached  for  eye-observation 
of  the  currents.  From  this  point  they  were  led  to  the  "  Battery  Basement,"  and, 
with  other  wires,  passed  under  the  Park  to  the  G-reenwich  Railway  Station,  and 
thence  upon  the  telegraph  poles  of  the  South  Eastern  Railway.  One  wire  branched 
off  at  the  junction  with  the  North  Kent  Railway  to  Dartford,  the  other  at  the 
junction  with  the  main  line  of  railway  to  Croydon.  At  both  places  their  connexion 
with  earth  was  made  by  soldering  to  water-pipes,  as  at  the  Royal  Observatory. 

These  wires  remained  in  the  places  described  till  the  end  of  1867.  It  had  been 
discovered  in  expei*ience  that  a  much  smaller  separation  of  the  extreme  points  of 
earth-connexion  would  suffice,  and  it  was  conjectured  that  advantage  might  arise 
from  making  the  two  earth-connexions  of  each  wire  on  opjiosite  sides  of  the 
Observatory  and  nearly  equidistant  from  it,  instead  of  making  one  earth-connexion 
of  each  within  the  Observatory  grounds.  In  1868,  therefore,  the  following  wire- 
courses  were  substituted.  One  wire  is  connected  with  earth,  by  a  copper  plate,  at 
the  Lady  Well  station  of  the  Mid-Kent  Railway ;  it  is  thence  led  to  the  North  Kent 
Junction  with  the  Greenwich  Railway,  to  the  Royal  Observatory  (for  communication 
with  the  self-registering  apparatus),  back  to  the  North  Kent  Junction,  then  by 
North  Kent  Railway  and  Angerstein  Branch  to  the  Angerstein  Wharf,  where  it  is 
connected  with  earth  by  a  copper  plate.  The  other  wire  is  connected  with  earth  by 
a  copper  plate  at  the  North  Kent  Junction,  then  passes  to  the  Royal  Observatory 
and  back  to  the  Junction,  and  then  along  the  North  Kent  Railway  to  the  Morden 
College  end  of  the  Blackheath  Tunnel,  where  it  is  connected  with  earth  in  the  same 
manner.  The  straight  lines  connecting  the  extreme  points  of  the  wires  cross  each 
other  near  the  middle  of  their  lengths  and  near  the  Royal  Observatory ;  the  length 
of  the  first  line  is  nearly  3  miles,  and  its  azimuth  56°  N.  to  B.  (magnetic) ;  that  of 
the  second  line  is  nearly  2^  miles,  and  its  azimuth  136°.  But,  in  the  circuitous 
courses  above  described,  the  length  of  the  first  wire  is  about  lOf  miles,  and  that  of 
the  second  6^  miles.  These  wires  were  established  and  brought  into  use  on  1868, 
August  20.  On  1877,  September  19,  the  route  of  two  of  the  branches  was  changed. 
The  Angerstein  Wharf  and  Blackheath  branches,  instead  of  passing  from  Greenwich 
via  North  Kent  Junction,  now  pass  along  the  new  railway  line  through  Greenwich, 
and  thence  respectively  to  Angerstein's  Wharf  and  Blackheath.  The  length  of  the 
section  "  Lady  Well — Angerstein  Wharf  "  is  now  about  T\  miles,  and  that  of  the 
section  "  North  Kent  Junction — Blackheath  "  about  5  miles.  The  names  and 
connexions  of  the  Observatory  ends  of  the  four  branches  were  identified  in  1870 ; 
in  1871,  June ;  again  in  1872 ;  on  1873,  April  17  ;  on  1874,  April  15  ;  1875,  May  6  ; 
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and  1877,  May  15.  These  were  again  identified  on  1877,  October  29,  in  consequence 
of  the  change  of  route  made  on  1877,  September  19. 

The  apparatus  for  receiving  the  effects  of  the  galvanic  currents  consists  essentially 
of  two  magnetic  needles  (one  for  each  wire),  each  suspended  hj  a  hair  so  as  to 
vibrate  horizontally  within  a  double  galvanic  coil,  exactly  as  in  an  ordinary  galvano- 
meter (supposed  to  be  laid  horizontally) ;  these  coils  being  respectively  in  the  courses 
of  the  two  long  wires.  The  number  of  folds  of  the  wire  in  each  coil  was  150  (or 
300  in  the  double  coil  of  each  instrument)  throughout  the  year.  A  current  of  one 
kind,  in  either  wire,  causes  the  corresponding  needle  to  turn  itself  through  an  angle 
nearly  proportioned  to  the  strength  of  the  current,  in  one  direction ;  a  current  of 
the  opposite  kind  causes  it  to  turn  in  the  opposite  direction.  These  turnings  are 
registered  by  the  following  apparatus. 

To  the  carrier  of  each  magnet  is  fixed  a  small  plane  mirror,  which  receives  all  the 
azimuthal  motions  of  the  magnet.  The  light  of  a  gas-lamp  passes  through  a  minute 
aperture,  and  shines  upon  the  mirror ;  the  divergent  pencil  is  converted  into  a 
convergent  pencil  by  refraction  through  crossed  cylindrical  lenses  (with  axes  vertical 
before  the  pencil  reaches  the  mirror,  and  with  axes  horizontal  where  the  pencil  is 
received  from  the  mirror),  which,  under  the  circumstances,  were  more  convenient 
than  spherical  lenses.  A  spot  of  light  is  thus  formed  upon  the  photographic  paper 
wrapped  upon  a  cylinder  of  ebonite,  which  is  covered  by  a  glass  cylinder,  and  made 
to  rotate  in  twenty-four  hours  by  clock-work,  exactly  as  for  the  register  of  the 
magnetic  elements.  As  in  the  case  of  declination  and  horizontal-force,  the  two  earth 
currents  make  their  registers  upon  opposite  sides  of  the  same  barrel,  and  upon 
different  parts  of  the  sheet ;  the  same  gaslight  serving  for  the  illumination  of  both. 

A  portion  of  a  zero-line  for  either  record  is  obtained  at  any  time  by  simply 
breaking  the  galvanic  communication. 

The  photograph  records  were  regularly  made,  with  the  wires  in  the  first  position, 
from  1865,  March  15,  to  the  end  of  1867.  Fifty-three  days,  on  which  the  magnetic 
disturbances  were  active,  were  selected  for  special  examination ;  and  for  these  the 
equivalent  galvanic  currents  in  the  north  and  west  directions  were  computed,  and 
their  cff"ects  in  producing  apparent  magnetic  disturbances  in  the  west  and  north 
directions  were  infeiTed.  They  correspond  almost  exactly  with  tliose  indicated  by 
the  magnetometers.  Then  the  records  for  all  the  days  of  tranquil  magnetism  were 
reduced  in  the  same  manner,  not  for  comparison  with  the  magnetometer-results,  but 
for  ascertaining  the  diurnal  laws  of  the  galvanic  currents.  These  laws  were  foimd 
to  be  very  diSerent  from  the  laws  of  magnetic  diurnal  inequalities.  These  discussions 
have  been  communicated  to  the  Royal  Society  in  two  papers,  printed  respectively  in 
the  Philosophical  Transactions  for  1868  and  1870. 

The  records  with  the  earth  connexions  in  the  new  positions  have  been  regularly 
made  since  1868,  August  20.  but  have  not  yet  been  discussed. 
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§  13.  Standard  Barometer. 

The  Barometer  is  a  standard,  by  Newman,  mounted  in  1840.  It  is  fixed  on  the 
South  wall  of  the  West  arm  of  the  Magnetic  Observatory.  The  tube  is  0'°-565  in 
diameter ;  the  cistern  is  of  glass.  The  graduated  scale  which  measures  the  height  of 
the  mercury  is  made  of  brass,  and  to  it  is  afiixed  a  brass  rod,  passing  down  the  inside 
of  one  of  the  upright  supports,  and  terminating  in  a  conical  point  of  ivory ;  this 
point  in  observation  is  made  just  to  touch  the  surface  of  the  mercury  in  the  cistern, 
and  the  contact  is  easily  seen  by  the  reflected  and  the  actual  point  appearing  just 
to  meet  each  other.  The  rod  and  scale  are  made  to  slide  up  and  down  by  means  of 
a  slow-motion  screw.     The  scale  is  divided  to  0'"-05. 

The  vernier  subdivides  the  scale  divisions  to  0'"-002 ;  it  is  moved  by  a  slow-motion 
screw,  and  in  observation  is  adjusted  so  that  the  ray  of  light,  passing  under  the  back 
and  front  of  the  semi-cylindrical  plate  carried  by  the  vernier,  is  a  tangent  to  the 
highest  part  of  the  convex  surface  of  the  mercury  in  the  tube. 

At  the  bottom  of  the  instrument  are  three  screws,  turning  in  the  fixed  part  of  the 
support,  and  acting  on  the  piece  in  which  the  lower  pivot  of  the  barometer-frame 
turns,  for  adjustment  to  verticality :  this  adjustment  is  examined  occasionally. 

The  readings  of  this  barometer,  until  1866,  August  20**.  0'',  are  considered  to  be 
coincident  with  those  of  the  Royal  Society's  flint-glass  standard  barometer.  On  that 
day  a  change  was  made  in  the  barometer.  It  had  been  remarked  that  the  slow- 
motion-screw  at  the  bottom  of  the  sliding  rod  (for  adjusting  the  ivory  point  to  the 
surface  of  the  mercury  in  the  cistern)  was  partly  worn  away :  and  on  August  20  the 
sliding  rod  was  removed  from  the  barometer  by  Mr.  Zambra  to  remedy  this  defect. 
It  was  restored  on  1866,  August  30''.  3''.  Before  the  removal  of  the  sliding  rod, 
barometric  comparisons  had  been  made  with  a  standard  barometer  the  property  of 
Messrs.  Murray  and  Heath,  and  with  two  barometers,  Negretti  and  Zambra,  Nos.  646 
and  647.  "While  the  sliding  rod  of  the  Greenwich  standard  was  removed,  Negretti 
and  Zambra  647  was  used  for  daily  observations.  After  the  new  equipment  of  the 
standard  barometer,  another  series  of  comparisons  with  the  same  barometers  was 
made :  from  which  it  was  found  (the  three  auxiliaries  giving  accordant  results)  that 
the  readings  of  the  barometer,  in  its  new  state,  required  a  correction  of  — 0'°'006. 
This  correction  has  been  applied  to  every  observation  commencing  with  that  at  1866, 
August  30^.  9\ 

In  the  spring  of  the  year  1877  an  elaborate  comparison  of  the  Standard  Barometers 
of  the  Greenwich  and  Kew  Observatories  was  made  under  the  direction  of  the  Kew 
Committee.  (See  Proceedings  of  the  Boijal  Societi/,  vol.  27,  page  76.)  Mr.  Whipple, 
Superintendent  of  the  Kew  Observatory,  brought  four  barometers  to  Greenwich  on 
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tlirce  separate  occasions.  The  result  of  a  large  number  of  comparisons  showed  that 
the  difference  between  the  Greenwich  and  Kew  standards  does  not  exceed  0-001 
inch.     In  this  is  of  course  included  the  above-mentioned  correction  of  — O'"-O06. 

The  height  of  the  cistern  above  the  mean  level  of  the  sea  is  159  feet.  This 
element  is  founded  upon  the  determination  of  Mr.  Lloyd,  in  the  Philosojyhical 
Traiisactions,  1831 ;  the  elevation  of  the  cistern  above  the  brass  piece  inserted  in 
a  stone  in  the  transit-room,  now  the  Astronomer  Royal's  official  room,  (to  which 
Mr.  Lloyd  refers,)  being  5".  2'". 

Tlie  barometer  has  usually  been  read  at  21'',  0'',  3''.  9''  (astronomical),  and  corrected 
by  application  of  the  index  error  given  above.  Every  reading  has  been  reduced  to 
the  reading  which  would  have  been  obtained  at  the  temperature  32°  of  the  mercury, 
and  corrected  for  expansion  of  the  brass  scale,  by  application  of  the  correction  given 
in  Table  II.  (pages  82  to  87)  of  the  Report  of  the  Committee  of  Physics  of  the 
Royal  Society.  For  immediate  use  the  mean  of  the  reduced  readings  has  then  been 
taken  for  each  civil  day,  and  finally  converted  into  mean  daily  reading,  by  application 
of  the  correction  inferred  from  Mr.  Glaisher's  paper  in  the  Philosophical  Transactions, 
1848,  Part  I,  Table  I,  page  127.  These  results  do  not  appear  in  the  present  volume. 
Instead  of  them  there  are  results  deduced  from  the  photographic  records,  as  will  be 
further  on  mentioned  (in  §  26). 

In  the  printed  record  of  the  barometrical  and  all  other  meteorological  observations, 
the  day  is  to  be  understood,  generally,  as  defined  in  civil  reckoning. 


§  14.  Fhoffxirdphic  self-registering  Apimratiis  for  continuous  Record  of  the  Eeadings  of  the 

Barometer. 

The  Photographic  self-registering  Apparatus  for  continuous  Record  of  Magnetic 
Vertical  Force  is  furnished  (as  has  been  stated)  with  a  vertical  cylinder  covered  -with 
photographic  paper  and  revolving  in  24  liours.  North  of  the  surface  of  this  cylinder, 
at  the  distance  of  about  30  inches,  is  a  large  syphon  barometer,  the  bore  of  the 
upper  and  lower  extremities  of  its  arms  being  about  1  ■  1  inch.  A  glass  float  partly 
immersed  in  the  mercury  of  the  lower  extremity  is  partially  supported  by  a  counter- 
poise acting  on  a  light  lever,  leaving  a  definite  part  of  the  weight  of  the  float  to  be 
supported  by  the  mercury.  This  lever  is  lengthened  to  carry  a  vertical  plate  of 
opaque  mica  having  a  small  horizontal  slit,  whose  distance  from  the  fulcrum  is 
nearly  eight  times  the  distance  of  the  point  of  attachment  of  the  float  wire,  and 
whose  movement,  therefore,  is  nearly  four  times  the  movement  of  the  column  of  a 
cistern-barometer.  Tlirough  this  slit  the  light  of  a  lamp,  collected  by  a  cylindrical 
lens,  shines  upon  the  photographic  paper.     The  barometer  being  supported  at  its 
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lower  end,  the  height  of  the  column  of  mercury  in  its  lower  tube  on  which  the  record 
depends  is  very  slightly  influenced  by  changes  of  temperature. 

The  scale  of  time  is  established  by  means  of  occasional  interruptions  of  the  light, 
and  the  scale  of  measure  is  established  by  comparison  with  occasional  eye-observa- 
tions. 

This  barometer  was  brought  into  use  in  1S48,  but  its  indications  were  not  satis- 
factory till  the  mercury  was  boiled  in  the  tube  by  Messrs.  Negretti  and  Zambra  on 
1853,  August  18,  since  which  time  they  have  appeared  unexceptionable. 

A  discussion  of  the  photographic  records  of  the  Barometer  from  1854  to  1873  is 
published  in  the  "  Reduction  of  Greenwich  Meteorological  Observations,  1847-1873." 


§  15.  Thermometers  for  oi'dinary  Ohservation  oftlie  Tenijvraturc  of  the  Air  and  of 

Evaporation. 

The  Dry-Bulb  Thermometer,  the  Wet-Bulb  Thermometer,  the  Maximum  Self- 
Registering  Thermometers,  both  dry  and  wet,  and  the  Minimum  Self-Registering 
Thermometers,  dry  and  wet,  all  for  determination  of  the  temperature  of  the  air  and 
of  evaporation,  are  mounted  on  a  revolving  frame  whose  fixed  vertical  axis  is  planted 
in  the  ground.  From  the  year  1846  to  1863  the  post  forming  the  vertical  axis  was 
about  23  feet  south  (astronomical)  of  the  S.W.  angle  of  the  south  arm  of  the  Mao-- 
netic  Observatory ;  in  1863  it  was  moved  to  its  present  position,  about  35  feet  south 
(astronomical)  of  the  S.W.  angle.  A  frame  revolves  on  this  post,  consisting  of  a 
horizontal  board  as  base,  of  a  vertical  board  projecting  upwards  from  it  connected 
■with  one  edge  of  the  horizontal  board,  and  of  two  parallel  inclined  boards  (separated 
about  three  inches)  connected  at  the  top  with  the  vertical  board,  and  at  the  bottom 
with  the  other  edge  of  the  horizontal  board.  The  outer  inclined  board  is  covered 
with  zinc.     The  air  passes  freely  between  all  these  boards. 

The  dry  and  wet-bulb  thermometers  are  attached  to  the  outside,  and  near  the 
center  of  the  vertical  board ;  their  bulbs  are  about  4  feet  above  the  ground  and  pro- 
jecting from  2  inches  to  3  inches  below  the  horizontal  board.  The  maximum  and 
minimum  thermometers  for  air  are  placed  towards  one  vertical  edge,  and  those  for 
evaporation  towards  the  other  vertical  edge,  with  their  bulbs  at  almost  the  same 
level,  and  near  to  those  of  the  dry  and  wet-bulb  thermometers.  Above  the  thermo- 
meters is  a  small  projecting  roof  to  protect  them  from  rain.  The  frame  is  always 
turned  with  the  inclined  side  towards  the  sun.  It  is  presumed  that  the  thermometers 
are  thus  sufficiently  protected. 

The  graduations  of  all  the  thermometers  used  in  the  Royal  Observatory  since  the 
year  1840  rest  fundamentally  upon  those  of  a  Standard  Thermometer,  the  property 
of  Mr.  Glaisher,  which  derives  its  authority  from  comparison  with  original  thermo- 
Green-svich  Magsetical  and  Meteorological  Observations,  I«77.  g 
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meters  constructed  by  the  late  Rev.  R.  Sheepshanks  about  the  years  1840-1843,  in 
the  course  of  his  preparations  for  the  construction  of  the  National  Standard  of 
Leno-th.  The  whole  of  the  radical  determinations  of  Freezing  Point.  Boiling  Point, 
and  Subdivision  of  Volume  of  Tube,  were  made  by  Mr.  Sheepshanks  with  the  utmost 
care :  it  is  believed  that  these  were  the  first  original  thermometers  that  had  been 
constructed  in  England  for  many  years.  This  thermometer  continued  to  be  the 
standard  of  reference  until  June  of  the  year  1875. 

By  the  kindness  of  the  Kew  Committee  of  the  Royal  Society,  a  new  Kew  Standard 
Thermometer,  No.  515,  was,  in  the  year  1875,  supplied  to  the  Royal  Observatory ; 
and.  commencing  with  the  month  of  July  of  that  year,  all  thermometers  have  been 
compared  -svith  the  new  standard,  which  will  hereafter  be  referred  to  as  the  R.  0. 
standard. 

In  order  to  determine  whether  any  sensible  difference  exists  between  the  indications 
of  Mr.  Glaisher's  standard  and  those  of  the  R.  O.  standard,  the  errors  of  all  ther- 
mometers that,  in  the  year  1875,  had  been  recently  referred  to  both  standards,  were 
collected  for  comparison.  The  details  of  this  comparison  will  be  found  in  the 
Introduction  to  the  Magnetical  and  Meteorological  Observations  for  1875,  page  xlviii. 
The  result  arrived  at  was  that  the  standards  were  practically  identical. 

The  Dry-Bulb  and  Wet-Bulb  thermometers  are  by  Home  and  Thornthwaite. 
The  readings  of  the  dry-bulb  thermometer  require  a  subtractive  correction  of  T'O ; 
those  of  the  wet-bulb  thermometer  require  corrections  as  follows  : — 

Below       55  subtract  o  •  9 

Between  55  and    70 o'j 

Above      70   o  •  5 


The  scLf-registering  thermometers  for  temperature  of  air  and  evaporation  are  by 
Negretti  and  Zambra.  The  construction  of  the  thermometers  for  maximum  tem- 
perature is  as  follows. 

There  is  a  small  detached  piece  of  glass  in  the  tube,  at  the  bent  part  (near  the 
bulb),  through  which  the  piece  of  glass  cannot  pass  down.  The  column  of  mercury 
in  rising  is  forced  through  the  contraction  produced  by  the  piece  of  glass ;  but  in 
falling  it  is  unable  to  pass  the  glass,  and  the  lower  mass  of  mercury  descends  into 
the  bulb,  leaving  a  vacant  space  below  the  glass,  and  a  portion  of  the  mercury  above 
it.  The  piece  of  glass  operates  as  an  efficient  valve.  The  thermometer  used  for 
maximum  temperature  of  the  air  was  No.  8527  ;  its  corrections  were : — 

Below       40   subtract  0*7 

Above       40  0*8 


Dry  and  Wet-Bulb,  and  Maximum  and  Minimum  Thermometers.        li 

The  maximum  Avet  bullj  thermometer  was  No.  1575.  Its  corrections  were  as 
follows : — 

Below       35   o'o 

Between  35  and  40   subtract  o  •  i 

40  and  43   02 

Above      43    o  ■  3 

The  minimum  self-registering  thermometers  by  Negretti  and  Zambra  are  alcohol 
thermometers  (on  Rutherford's  principle).  A  sliding  glass  index  allows  the  alcohol 
in  rising  to  pass  above  it,  but  is  drawn  down  by  the  peculiar  action  of  the  bounding 
surface  of  the  fluid  when  it  sinks.  The  readings  of  that  for  minimum  temperature  of 
the  air.  No.  4386,  required  a  subtractive  correction  of  0°'5.  The  minimum  wet-bulb. 
No.  3627,  required  an  additive  correction  of  0°"3. 

The  eye-readings  of  the  dry-bulb  and  wet-bulb  thermometers  have  usually  been 
taken  at  the  hours  (astronomical  reckoning)  21'^',  0'',  3'',  9'',  and  corrected  by  appli- 
cation of  the  index  errors  ali'eady  given.  For  immediate  use  the  means  of  the 
corrected  readings  of  the  dry  bulb  and  wet  bulb  thermometers  have  been  taken  and 
converted  into  mean  daily  readings,  by  the  application  of  corrections  derived  from 
Mr.  Glaisher's  paper  before  mentioned,  but  the  results  do  not  appear  in  this  volume, 
the  photographic  records  being  now  employed,  as  will  be  further  on  explained 
(in  §  2G). 


§  16.  Pliotographic  self-registering  Apparatus  for  continuous  Record  of  tJie  Headings  of  the 
Drjj-Bulb  and  Wet-Bulb  Thermometers. 

About  28  feet  south  (magnetic)  of  the  south-east  angle  of  the  south  arm  of  the 
Magnetic  Observatory,  and  about  25  feet  east  of  the  thermometers  for  eye-observa- 
tions, is  an  open  shed  10  ft.  6  in.  square,  standing  upon  posts  8  feet  high,  under 
which  are  placed  the  photographic  thermometers,  the  dry-bulb  thermometer  towards 
the  east,  and  the  wet-bulb  thermometer  towards  the  west.  The  bulbs  of  the 
thermometers  are  8  inches  in  length,  and  0-4  inch  internal  bore,  and  their  centers 
are  about  4  feet  above  the  ground.  The  bulb  of  the  thermometer  employed  as 
wet-bulb  is  covered  with  muslin  throughout  its  whole  length,  which  is  kept  moist 
by  means  of  capillary  passage  of  water  along  cotton  wicks  leading  from  a  vessel 
filled  with  water. 

There  are  small  adjustments  admitting  the  raising  or  dropping  of  the  thermo- 
meters, so  that  the  register  of  their  changing  readings  may  fall  on  a  convenient  part 
of  the  paper.  The  thermometer  frames  are  covered  by  plates  having  longitudinal 
apertures,  so  narrow,  that  any  light  which  may  pass  through  them  is  completely,  or 
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almost  completely,  intercepted  by  the  broad  flat  column  of  mercury  in  tlie  thermo- 
meter-tube.    Across  these  plates  a  fine  wire  is  placed  at  every  degree  ;  those  at  the 
decades  of  dep^rees,  and  also  those  at  32°,  52°,  and  72°,  beinsf  coarser  than  the  others. 
,J^  A  gas  lamp  is  placed  about  9  inches  from  each  thermometer  (east  of  the  dry  bulb 

and  west  of  the  wet  bulb),  and  its  liglit.  condensed  by  a  cylindrical  lens,  whose  axis 
R   iVfljuJr  ^^  vertical,  shines  through  the  thermometer-tube  above  the  surface  of  the  mercury, 

and  forms  a  well-defined  line  of  light  upon  the  photographic  paper,  which  is  wrapped 
^.     ^       .  around  the  cylinder.     The  axis  of  this  cylinder  is  vertical ;   its  mountino-  is  in  all 

_  ^^^  respects  similar  to  that  of  the  Vertical  Force  cylinder.     As  the  cylinder,  covered 

J  with  photographic  paper,  revolves  under  the  light,  which  passes  through  the  thermo- 

meter-tube, it  receives  a  broad  sheet  of  photographic  trace,  whose  breadth  (in  the 
\  p\(OK  ^  '  direction  of  the  axis  of  the  cylinder)  varies  with  the  varying  height  of  the  mercury 

^''* A,  *•"  in  the  thermometer-tube.     Parts  of  the  liglit  in  its  passage  are  intercepted  by  the 

wires  placed  across  the  ttibe  at  every  degree,  and  there  are,  therefore,  left  upon  the 
paper  corresponding  lines  in  which  there  is  no  photogenic  action. 
r^      'A*"^  The  cylinder  was  at  first  made  to  reyolve  in  48  hours;  the  daily  photographic 

'y>;'  ■         ^'^  traces  of  the  two  thermometers  were  thus  simultaneously  registered  on  opposite  sides 

.  y^  of  the  cylinder,  sometimes  slightly  intermixing.     The  length  of  the  glass  cylinder 

iij(r^  .  used  till  18G9,  March,  is  13^  inches,  and  its  circumference  is  aboitt  19  inches.     On 

(f^        '  "-•   ''^  1869,  Marcli  5,  an  ebonite  cylinder  was  introduced,  whose  length  is  10  inches,  and 

circumference  about  19  inches;  and  at  a  later  time  the  cylinder  was  made  to  revolve 
in  50  hours  instead  of  48  hours,  to  insure  the  separation  of  the  records  of  the  two 
thermometers. 

The  photographic  records  of  the  dry-bulb  and  wet-bulb  thermometers  have  been 
discussed  from  1848  to  1868.  The  results  exhibit  the  diurnal  inequality  of  the 
temperature  of  the  air  and  of  evaporation,  as  grouped  by  mouths,  as  grouped  by 
periods  of  high  and  Ioav  temperature,  as  grouped  by  periods  of  high  and  low  atmo- 
spheric pressure,  as  grouped  by  cloudless  or  overcast  sky,  and  as  grouped  by  tlirec- 
tions  of  the  wind.  They  are  published  in  the  "  Reduction  of  Greenwich  Meteoro- 
logical Observations,  1847-1873." 


§  17.   Thermomefcm  for  Solar  liaJintiov  nml  Friih'nfloii  io  fhe  Slcij. 

The  thermometer  for  Suhir  Radiation,  which  to  the  end  of  the  year  1864  was 
]ilac'ed  in  an  open  box  about  10  feet  south  of  the  south-west  angle  of  the  south  arm 
of  the  Magnetic  Observatory,  is  now  laid  on  the  grass,  near  the  same  place. 

Tlie  thermometer  is  a  self-registering  maximum  mercurial  thermometer  of  Negretti 
and  Zambra's  construction  (No.  5964) ;  its  bulb  is  blackened,  and  enclosed  in  a  glass 
sphere  from  which  the  air  has  been  exhausted.     Its  graduations  arc  correct,  and  the 
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numbers  inserted  in  the  tables  are  those  read  from  the  instrument  without  alteration. 
The  thermometer  is  read  at  21'',  0"',  3'',  and  9''  daily ;  the  highest  of  these  readings 
is  adopted  as  the  maximum  for  the  day. 

The  use  of  a  thermometer  with  blackened  Inilb  not  inclosed  in  an  exhausted  sphere 
was  discontinued  at  the  end  of  1865. 

The  thermometer  for  radiation  to  the  sky  is  placed  near  to  the  Solar  Radiation 
tliermometer,  ^\'ith  its  bulb  resting  on  short  grass,  and  fully  exposed  to  the  sky.  It 
is  a  self-registering  minimum  spirit  thermometer  of  Rutherford's  construction,  Home 
and  Thornthwaite,  No.  3120.  Its  graduation  is  correct,  and  the  numbers  inserted 
in  the  table  are  those  read  from  the  scale  without  alteration.  It  is  read  every  day 
at  21'',  and  occasionally  at  9''. 


§  18.  Thermometers  sunk  below  floe  Surface  of  the  Soil  at  different  Depths. 

These  tliermometers  were  made  by  Messrs.  Adie  of  Edinburgh,  under  the  im- 
mediate superintendence  of  the  late  Professor  J.  D.  Forbes.  The  graduation  was 
made  by  Professor  Forbes  himself. 

The  thermometers  are  four  in  number.  They  are  all  placed  in  one  hole  in  the 
ground,  the  diameter  of  which  in  its  upper  half  is  1  foot,  and  in  its  lower  half  about 
6  inches.  Each  thermometer  is  attached  in  its  whole  length  to  a  slender  piece  of 
wood,  which  is  planted  in  the  hole  with  it.  The  place  of  the  hole  is  20  feet  south 
(magnetic)  of  the  extremity  of  the  south  arm  of  the  Magnetic  Observatory,  and 
opposite  the  center  of  its  south  front. 

The  soil  consisted  of  beds  of  sand ;  of  flint-gravel  with  a  large  proportion  of  sand ; 
and  of  flints  with  a  small  proportion  of  sand,  cemented  almost  to  the  consistency  of 
pudding-stone.  Every  part  of  the  gravel  and  sand  extracted  from  the  hole  was 
perfectly  dry. 

The  bulbs  of  the  thermometers  are  cylindrical,  10  or  12  inches  long  and  2  or  3 
inches  in  diameter.  The  bore  of  the  principal  part  of  the  tubes,  from  the  bulb  to 
the  graduated  scale,  is  very  small.  In  that  part  to  which  the  scale  is  attached,  the 
tube  is  larger. 

The  thermometer  No.  1  was  dropped  into  the  hole  to  such  a  depth  that  the  center 
of  its  bulb  was  24  French  feet  (25"6  English  feet)  below  the  surface :  then  dry  sand 
was  poured  in  till  the  hole  was  filled  to  nearly  half  its  height.  Then  No.  2  was 
dropped  in  till  the  center  of  its  bulb  was  12  French  feet  below  the  surface ;  No.  3 
and  No.  4  till  the  centers  of  their  bulbs  were  respectively  6  and  3  French  feet  below 
the  surface  ;  and  the  hole  was  then  completely  filled  with  dry  sand.  The  upper 
parts  of  the  tubes,  carrying  the  scales,  were  left  projecting  above  the  surface:  No.  1 
by  27"5  inches,  No.  2  by  28-0  inches,  No.  3  by  30'0  inches,  and  No.  4  by  32*0  inches. 
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Of  these  lengths,  the  parts  8-5,  10-0,  11-0.  and  14-5  inches,  respectively,  are  tube 
vrith  narrow  bore. 

The  projecting  parts  of  the  tubes  are  protected  by  a  wooden  case  or  box  fixed  to 
the  ground ;  the  sides  of  the  box  are  perforated  with  numerous  holes,  and  it  has  a 
double  roof.  In  the  North  face  of  this  box  is  a  large  plate  of  glass  through  which 
the  thermometers  are  read.  Within  the  box  are  two  smaller  thermometers,  one 
(No.  5)  whose  bulb  is  sunk  one  inch  in  the  ground,  and  one  (No.  6)  whose  bulb  is 
in  the  fi'ee  air  nearly  in  the  center  of  the  box. 

The  fluid  of  the  four  long  thermometers  is  alcohol  tinged  with  a  red  colour. 

The  lengths  of  1°  on  the  scales  of  Nos.  1,  2,  3  and  4,  are  respectively  aljout 
1-9  inch,  1-1  inch,  0-9  inch,  and  0-5  inch  ;  and  the  ranges  of  the  scales,  as  first 
mounted,  were,  43"-0  to  52°-7,  42'^-0  to  56°-8,  39°-0  to  57°-5.  and  34^-2  to  64"-5. 

These  ranges  for  Nos.  2,  3,  and  4,  were  found  to  be  insufficient  in  some  years, 
particularly  those  of  Nos.  3  and  4.  or  the  thermometers  sunk  to  the  depth  of  6  feet 
and  3  feet. 

In  1857,  June  22,  Messrs.  Negretti  and  Zambra  removed  from  Nos.  3  and  4  a 
quantity  of  fluid  corresponding  to  the  extent  of  5°  on  their  scales,  and  the  scales  of 
these  two  thermometers  were  then  lowered  by  that  linear  extent,  making  the  readings 
the  same  as  before. 

In  subsequent  years  it  was  found  that  the  amount  of  fluid  removed  was  somewhat 
too  great,  for  at  the  lower  end  of  the  scale  the  6-foot  thermometer  sometimes  fell 
below  the  limit  of  its  scale  or  44°;  and  the  3-foot  thermometer  below  39''-0;  in 
which  cases  the  alcohol  sank  into  the  capillary  tube. 

The  readings  at  the  early  part  of  the  series  were  at  times  defective  at  high 
temperatures,  but  always  complete  at  low  temperatures;  afterwards,  they  were 
generally  complete  at  high  temperatures,  and  at  times  defective  at  low  temperatures. 
The  two  combined,  however,  will  enable  us  to  complete  all  readings. 

On  1869,  July  21,  Mr.  Zambra  removed  fluid  from  No.  1  to  the  amount  of  2"-7, 
and  from  No.  2  to  the  amount  of  T'S,  and  inserted  in  No.  4  fluid  to  the  amount  of 
l°-5.  The  scales  were  re-engraved,  to  make  the  reading  at  every  temperature  the 
same  as  before. 

In  1877,  May,  new  porcelain  scales  were  applied  to  these  thermometers,  by  which 
the  facility  of  reading  is  much  increased. 

The  ranges  of  the  scales  are  now,— for  No.  1,  46°-0  to  55°-5 :  for  No.  2.  43^-0  to 
58°-0;  for  No.  3.  44°-0  to  62°-0;  and  for  No.  4,  37°-0  to  68°-0. 

These  thermometers  are  read  once  a  day,  at  noon,  and  the  readings  appear  in  the 
printed  volumes  as  read  from  their  scales  without  correction. 

The  observations  of  these  thermometers  from  1846  to  1859  have  been  elaborately 
reduced  by  Professor  Everett ;  the  results  are  printed  as  an  Appendix  to  the  Green- 
wich Observations  for  1860.     Abstracts  of  the  observations  of  these  thermometers 
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(giving  moan  monthly  temperatures)  for  the  period  1S47  to  1873  have  since  been 
published  in  the  "  Reduction  of  Greenwich  Meteorological  Observations  1847-1873." 


§  19.  ThcimcmieteTS  immersed  in  the  Water  of  the  Thames. 

The  self-registering  maximum  and  minimum  thermometers  for  determining  the 
highest  and  lowest  temperatures  of  the  water  of  the  Thames  are  observed  every  day 
at  9"  a.m. 

The  thermometers,  inclosed  in  a  wooden  trunk,  were  originally  attached  to  the 
side  of  the  "  Dreadnought "  hospital  ship.  Commencing  with  1871,  January  12, 
they  were  attached  to  the  Police  Ship  "  Scorpion,"  moored  in  Blackwall  Eeach.  In 
the  month  of  May  1874,  the  wooden  trunk  was  shifted  from  the  "  Scorpion "  to 
the  "  Eoyalist,"  moored  in  the  same  place.  The  first  readings  with  the  thermometers 
in  the  last-mentioned  position  were  taken  1874,  May  5. 

A  strong  wooden  trunk  is  firmly  fixed  to  the  side  of  the  "  Royalist,"  about 
5  feet  in  height,  and  closed  at  the  bottom ;  the  bottom  and  the  sides,  to  the  height 
of  3  feet,  are  perforated  with  a  great  number  of  holes,  so  that  the  water  can  easily 
flow  through ;  the  thermometers  are  suspended  within  this  trunk  so  as  to  be  about 
2  feet  below  the  surface  of  the  water,  and  1  foot  from  the  bottom  of  the  trunk. 

The  observations  have  been  made  by  the  Resident  Inspector  on  board,  by  per- 
mission of  Lieut.-Col.  Sir  Edmund  Y.  W.  Henderson,  R.E.,  K.C.B.,  Commissioner  of 
Metropolitan  Police. 

The  thermometer  used  for  maximum  temperature  (a  thermometer  on  Phillips's 
principle)  is  Home  and  Thornthwaite,  No.  22242 ;  that  for  minimum  temperature 
is  Home  and  Thornthwaite,  No.  22243.  Both  thermometers  require  an  additive 
correction  of  0°"3.  The  omission  of  the  readings  from  1877,  October  23  to  October  26 
is  due  to  the  "  Royalist "  having  been,  during  this  period,  in  dry  dock  for  repaii's. 


§  20.  Osier's  Anemometer. 

This  anemometer  is  self -registering  :  it  was  made  by  Newman,  on  a  plan  furnished 
by  A.  FoUett  Osier,  Esq.,  F.R.S.,  but  has  received  several  changes  since  it  was  origi- 
nally constructed.  A  large  vane,  which  is  turned  by  the  wind,  and  from  which  a 
vertical  spindle  proceeds  down  nearly  to  the  table  in  the  north-western  turret  of  the 
ancient  part  of  the  Observatory,  gives  motion  by  a  pinion  upon  the  spindle  to  a  rack- 
work  carrying  a  pencil.  In  1866  the  vane-shaft  was  made  to  bear  upon  anti-friction- 
rollers  running  in  a  cup  of  oil.     The  pencil  makes  a  mark  upon  a  paper  affixed  to  a 
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board  ■u'hicli  is  moved  uniformly  in  a  direction  transverse  to  the  direction  of  the  rack- 
motion.  The  movement  of  the  board  is  eflPected  by  means  of  a  second  rack  connected 
with  the  pinion  of  a  clock.  The  paper  has  lines  printed  upon  it  corresponding  to  the 
positions  which  the  pencil  must  take  when  the  direction  of  the  vane  is  N.,  E.,  S.,  or 
W. ;  and  also  has  transversal  lines  corresponding  to  the  positions  of  the  pencil  at 
every  hour.  The  first  adjustment  for  azimuth  was  obtained  by  observing  from  a 
certain  point  the  time  of  passage  of  a  star  behind  the  vane-shaft,  and  computing 
fi'om  that  observation  the  azimuth  ;  then  on  a  calm  day  drawing  the  vane  by  a  cord 
to  that  position,  and  adjusting  the  rack,  &c.,  so  that  the  pencil  position  on  the  sheet 
corresponded  to  that  azimuth. 

For  the  pressure  of  the  wind  the  construction  originally  arranged  by  Mr.  Osier 
was  in  use  till  the  middle  of  1866,  when  the  following  modifications  were  made 
in  it  by  Mr.  Browning,  for  explanation  of  which  I  refer  to  Figure  3  on  the 
engraving  at  the  end  of  the  Introduction  to  the  volume  of  1866.  To  the  vane- 
shaft  is  attached  a  rectangular  frame  C,  which  rotates  with  the  vane.  To  this 
frame  are  finuly  attached  the  ends  of  four  strong  springs  D,  which  rise  from  the 
point  of  attachment  in  a  vertical  direction,  are  then  bent  so  as  to  descend  below  the 
frame  C,  and  are  then  bent  upwards  so  as  to  rise  a  short  distance,  where  they  ter- 
minate, each  of  them  thus  forming  a  large  hook.  To  the  interior  of  each  strong 
spring,  near  to  its  upper  bend,  is  affixed  a  very  weak  spring,  which  descends  free  into 
the  lower  bend  or  hook  of  the  strong  spring,  so  that  its  lower  end  may  be  moved  by 
a  light  pressure  till  it  reaches  and  takes  bearing  against  the  bent-up  part  of  the 
strong  spring,  after  which  it  cannot  be  further  moved  without  moving  the  strong 
spring,  and  will  therefore  require  much  greater  pressure.  The  four  ends  of  these 
four  light  springs  carry  the  circular  pressure-plate  A  by  the  following  connexions. 
The  two  which  are  farthest  from  A,  or  which  are  below  the  wide  part  of  the  vane, 
are  united  by  a  light  horizontal  cross-bar  G ;  and  from  the  ends  of  these  springs 
proceed  four  light  bars  E,  which  are  attached  to  points  of  the  pressure-plate  A,  near 
its  circumference.  The  two  ends  of  light  springs  which  are  nearest  to  A  are  also 
united  by  a  light  horizontal  cross  bar,  which  is  attached  to  a  projection  from  the 
center  of  the  plate  A.  (The  diagonal  lines  upon  A,  in  the  diagram,  represent  indis- 
tinctly two  strengthening  edge-bars  upon  the  pressure-plate,  and  the  projection 
above  mentioned  is  fixed  to  their  intersection.)  The  weight  of  the  pressure-plate 
thus  rests  entirely  on  the  slender  springs ;  it  is  held  steadily  in  position,  as  regards 
the  opposition  to  the  wind,  and  it  moves  without  sensible  friction.  A  light  wind 
drives  it  through  a  considerable  space,  until  the  ends  of  one  pair  of  light  springs 
touch  their  large  hooks ;  then  for  every  additional  pound  of  pressure  the  movement 
is  smaller,  till  the  ends  of  the  other  pair  of  light  springs  touch  their  large  hooks ; 
after  this  the  movement  for  every  additional  pound  of  pressure  is  still  further 
diminished.     This  apparatus  was  arranged  by  Mr.  Browning.     The  communication 
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witli  the  pencil  below  is  similar  to  that  in  the  first  construction :  the  cord  and  pulley 
are  omitted  in  the  drawing  to  avoid  confusion. 

The  pressure-pencil  below  is  carried  by  a  radial  bar,  whose  length  is  parallel  to  the 
scale  of  hours ;  it  is  brought  to  zero  by  a  light  spring. 

The  surface  of  the  pressure-plate  is  2  square  feet,  or  double  that  in  the  old  con- 
struction. The  scale  of  indications  on  the  recording  sheet  was  determined  experi- 
mentally as  in  the  old  instrument ;  yet  it  was  remarked  that  the  pressures  of  wind 
per  square  foot  appeared  generally  greater  than  formerly.  It  was  suspected  that  the 
inertia  of  the  tension-weight  acting  against  the  pressure-spring,  and  that  of  the 
pencil- weight,  may  have  produced  an  injurious  effect :  both  these  weights  were 
replaced  by  springs,  1872,  February  21.  The  pencil-spring  has  since  been  removed 
and  weight  applied  as  necessary. 

The  scale  for  small  pressures  is  much  larger,  and  their  indications  much  more 
certain  than  formerly.     A  pressure  of  an  ounce  per  square  foot  is  clearly  shown. 

A  rain  gauge  of  peculiar  construction  is  carried  by  this  instrument,  by  which  the 
fall  of  rain  is  registered  with  reference  to  the  time  of  the  fall.  It  is  described  in 
§22. 

A  fresh  sheet  of  paper  is  applied  to  this  instrument  every  day  at  22''  mean  solar 
time. 


§  21.  Robinson's  Anemometer. 

In  the  latter  part  of  the  year  1866,  a  new  instrument,  on  the  principles  described 
by  Dr.  Robinson  in  the  Transactions  of  the  Boi/al  Irish  Academy,  vol.  xxii.,  adapted 
to  give  a  continuous  record  of  the  velocity  of  the  wind,  was  mounted  by  Mr.  Brown- 
ing, of  which  the  principal  parts  are  represented  in  Figures  1  and  2  of  the  engraving 
in  the  Introduction  1866.  The  motion  is  given  (as  in  the  former  instrument)  by  the 
pressure  of  the  air  on  four  hemispherical  cups,  the  distance  of  the  center  of  each  from 
the  axis  of  rotation  being  15"00  inches.  The  foot  of  the  axis  is  a  hollow  fiat  cone 
bearing  upon  a  sharp  cone  which  rises  up  from  the  base  of  a  cup  of  oil.  The  horizontal 
arms  are  connected  with  a  vertical  spindle,  upon  which  is  an  endless  screw  working 
in  a  toothed  wheel  connected  with  a  train  of  wheels,  furnished  with  indices  capable 
of  registering  one  mile  and  decimal  multiples  of  a  mile  up  to  1,000  miles.  A  pinion 
C  upon  the  axis  of  one  of  the  wheels  (which,  in  the  figure,  occupies  a  place  too  high) 
acts  in  a  rack  J,  drawing  it  upwards  by  the  ordinary  motion  of  the  revolving  cups. 
The  rack  is  pressed  to  the  pinion  by  a  spring,  and,  when  it  has  been  drawn  up,  it  can 
be  pressed  by  hand  in  opposition  to  the  spring  so  as  to  release  it  from  the  pinion,  and 
can  then  be  pushed  down,  again  to  be  raised  by  the  action  of  the  wheel-work.  The 
rack  is  connected  at  the  bottom  with  a  sliding  rod  D,  which  passes  down  into  the 
chamber  below,  where  it  draws  up  the  sliding  pencil-carrier  E,  The  pencil  F,  which 
Grbenwich  Magnbtical  and  Meteobological  Obsekvations,  1877.  fl' 
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it  carries,  traces  its  indications  upon  the  sheet  of  paper  wrapped  round  a  barrel, 
whose  axis  is  vertical,  and  which  by  spindle  connexion  with  the  clock  H  is  made 
to  revolve  in  24  hours.  The  revolving  cups  and  wheel-work  are  so  adjusted  that  a 
motion  of  the  pencil  upwards  of  one  inch  represents  a  motion  of  the  air  through  ICX) 
miles.  The  curve  traced  upon  the  barrel  exhibits,  therefore,  the  aggregate  of  the 
air's  movements,  and  also  the  air's  velocity,  at  every  instant  of  the  day. 

In  the  year  1860,  on  July  3,  4,  and  13,  experiments  were  made  in  Greenwich  Park, 
with  the  instrument  then  in  use,  to  ascertain  the  correctness  of  the  theory  of 
Robinson's  anemometer ;  the  point  to  be  verified  being  that  the  scale  of  the  instru- 
ment, founded  on  the  supjjosition  that  the  horizontal  motion  of  the  air  is  about  three 
times  the  space  described  by  the  centers  of  the  cups,  is  correct. 

A  post  about  5  feet  high  with  a  vertical  spindle  in  the  top  was  erected,  and  on  this 
spindle  turned  a  horizontal  arm,  carrying  at  the  extremity  of  its  longer  portion 
Robinson's  anemometer,  and  on  its  shorter  portion  a  counterpoise.  The  distance 
from  the  vertical  spindle  of  the  post  to  the  vertical  axis  of  the  anemometer  was 
17"-  8'°-7.  The  reading  of  the  dial  was  taken,  and  then  the  arm  was  made  to 
revolve  in  the  horizontal  plane  50  or  100  times,  an  attendant  counting  the  number  of 
revolutions,  and  the  reading  of  the  dial  was  again  taken.  In  this  manner  1,000 
revolutions  were  made  in  the  direction  N.E.S.W.N.,  and  1,000  revolutions  in  the 
direction  N.W. S.E.N.  In  some  of  the  exi^erimeuts  the  air  was  sensibly  quiet,  and  in 
others  there  was  a  little  wind ;  the  result  was, 

For  a  movement  of  the  instrument  through  one  mile. 

Beam  revolviiiK  N.E.S.W.  (opposite  to  the  direction  of  rotation  of  tlio  1  ,    ,  -  .  ,       , 

°                     ^  "  >  1  ■  1  o  was  registered. 

Anemometer-cups^ J 
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Beam  revolving  N.W.S.E.  (in  tlie  same  direction  as  the  Auemomctcr- ") 

>  ()  •  9  (  was  registered. 


The  results  from  rapid  revolutions  and  from  slow  revolutions  were  sensibly  the 
same. 

This  may  be  considered  as  sufficiently  confirming  the  accuracy  of  the  theory. 

§  22.  Rain  Gauges. 

The  rain-gauge  connected  with  Osier's  anemometer  is  50  feet  8  inches  above  the 
ground,  and  205  feet  G  inches  above  the  mean  level  of  the  sea.  It  exposes  to  the 
rain  an  area  of  200  square  inches  (its  horizontal  dimensions  being  10  by  20  inches). 

The  collected  water  passes  through  a  tube  into  a  vessel  suspended  in  a  frame  by 
spiral  springs,  which  lengthen  as  the  water  accumulates,  until  0-25  of  an  inch  is  col- 
lected in  the  receiver ;  it  then  discharges  itself  by  means  of  the  following  modification 
of  the  syphon.    A  copper  tube,  open  at  both  ends,  is  fixed  in  the  receiver,  in  a  vertical 
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position,  with  its  end  projecting  below  tlie  bottom.  Over  the  top  of  this  tube  a 
lar-er  tube,  closed  at  the  top,  is  placed  loosely.  The  smaller  tube  thus  forms  the 
lon-er  le-,  and  the  larger  tube  the  shorter  leg,  of  a  syphon.  The  water,  havmg 
risen  to  the  top  of  the  smaller  tube,  gradually  falls  through  it  into  the  uppermost 
portion  of  a  tumbling  bucket,  fixed  in  a  globe  under  the  receiver.  When  full,  the 
bucket  falls  over,  throwing  the  water  into  a  small  pipe  at  the  lower  part  of  the  globe ; 
the  water  completely  fills  the  bore  of  the  pipe;  its  descent  causes  an  imperfect 
vacuum  in  the  globe,  sufficient  to  cause  a  draught  in  the  longer  leg  of  the  syphon, 
and  the  whole  contents  run  ofi".  After  leaving  the  globe,  the  water  is  carried  away 
by  a  waste-pipe  attached  to  the  building.  The  springs  then  shorten  and  raise  the 
receiver.  The  ascent  and  descent  of  the  water-vessel  move  a  radius-bar  which 
carries  a  pencil ;  and  this  pencil  makes  a  trace  upon  the  paper  carried  by  the  sliding 
board  of  the  self -registering  anemometer.  As  the  trace  is  rather  long  in  proportion 
to  the  length  of  the  radius-bar,  the  bar  has  now  been  furnished  by  Mr.  Browning 
with  a  "parallel  motion,"  which  makes  the  motion  of  the  pencil  sensibly  straight. 

The  scale  on  the  printed  paper  was  adjusted  by  repeatedly  filling  the  water-vessel 
until  it  emptied  itself.  The  weight  of  the  quantity  necessary  to  cause  one  discharge 
being  thus  determined,  its  bulk  was  ascertained,  and  this  bulk  being  divided  by  the 
area  of  the  surface  of  the  rain  receiver  gave  the  corresponding  measure  of  the  scale. 
A  second  gauge,  with  an  area  77  square  inches  nearly,  is  placed  close  to  the  pre- 
cedincr  the  receiving  surface  of  both  being  on  the  same  horizontal  plane. 

A  third  gauge  is  placed  on  the  roof  of  the  Octagon  room,  [at  38  feet  4  inches 
above  the  ground,  and  193  feet  2  inches  above  the  mean  level  of  the  sea.  It  is  a 
simple  cylinder  gauge,  8  inches  in  diameter  and  about  50^  square  inches  m  area. 
The  height  of  the  cylinder  is  13^  inches;  at  the  depth  of  1  inch  from  the  top  withm 
the  cylinder  is  fixed  a  funnel  (an  inverted  cone)  of  6  inches  perpendicular  height; 
with  the  point  of  this  funnel  is  connected  a  tube,  i  of  an  inch  in  diameter,  and  H  inch 
in  length;  %  of  an  inch  of  this  tube  is  slightly  curved,  and  the  remaimng  f  of  an 
inch  is  bent  upwards,  terminating  in  an  aperture  of  i  of  an  inch  in  diameter.  By 
this  arrangement,  the  last  few  drops  of  water  remain  in  the  bent  part  of  the  tube, 
and  the  water  is  some  days  evaporating.  The  upper  part  of  the  funnel  or  bore  of 
the  cone  is  connected  with  a  brass  ring,  which  has  been  turned  m  a  lathe,  and  this  is 
connected  with  a  circular  piece  6  inches  in  depth,  which  passes  outside  the  cylmder, 
and  rests  in  a  water  joint,  attached  to  the  inner  cylinder,  and  extending  all  round. 

A  fourth  gauge  is  placed  on  the  top  of  the  Library ;  it  is  a  funnel,  whose  top  has 
a  diameter  of  6  inches ;  its  exposed  area  is  28i  square  inches  nearly.  The  receiving 
surface  of  the  gauge  is  22  feet  4  inches  above  the  ground,  and  177  feet  2  inches  above 
the  mean  level  of  the  sea. 

A  fifth  gauge  is  planted  on  the  roof  of  the  Photographic  Thermometer  shed,  10  feet 
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above  the  ground,  and  1G4  feet  10  inches  above  the  mean  level  of  the  sea.     Its  con- 
struction is  the  same  as  that  of  the  third  gauge. 

A  sixth  gauge  is  a  self-registering  rain-gauge  on  Crosley's  construction,  made  by 
■Watkins  and  Hill.  The  surface  exposed  to  the  rain  is  100  square  inches.  The 
collected  water  falls  into  a  vibrating  bucket,  whose  receiving  concavity  is  entirely 
above  the  center  of  motion,  and  which  is  divided  into  two  equal  parts  by  a  partition 
whose  plane  passes  through  the  axis  of  motion.  The  pipe  from  the  rain-receiver 
terminates  immediately  above  the  axis.  Thus  that  part  of  the  concavity  which  is 
highest  is  always  in  the  position  for  receiving  water  from  the  pipe.  "When  a  certain 
quantity  of  water  has  fallen  into  it,  it  preponderates,  and,  falling,  discharges  its 
water  into  a  cistern  below ;  then  the  other  part  of  the  concavity  receives  the  rain, 
and  after  a  time  preponderates.  Thus  the  bucket  is  kept  in  a  state  of  vibration.  To 
its  axis  is  attached  an  anchor  with  pallets,  which  acts  upon  a  toothed  wheel  by  a 
process  exactly  the  reverse  of  that  of  a  clock-escapement.  This  wheel  communicates 
motion  to  a  train  of  wheels,  each  of  which  carries  a  hand  upon  a  dial-plate ;  and  thus 
inches,  tenths,  and  hundredths  are  registered.  Sometimes,  when  the  escapement  has 
obviously  failed,  the  water  which  has  descended  to  the  lower  cistern  has  again  been 
passed  through  the  gauge,  in  order  to  enable  an  assistant  to  observe  the  indication  of 
the  dial-plates  without  fear  of  an  imperfection  in  the  machinery  escaping  notice. 
The  gauge  is  placed  on  the  ground,  21  feet  South  of  the  Magnetic  Observatory,  and 
156  feet  6  inches  above  the  mean  level  of  the  sea. 

The  seventh  and  eighth  gauges  are  placed  near  together,  about  16  feet  south  of 
the  Magnetic  Observatory,  5  inches  above  the  ground,  and  155  feet  3  inches  above 
the  mean  level  of  the  sea.  They  are  similar  in  construction  and  area  to  No.  3.  These 
gauges  are  sunk  about  8  inches  in  the  ground. 

Another  gauge  (the  ninth)  was  established  at  the  end  of  the  year  1875  at  the 
Police  ship  "  Royalist."  Its  receiving  surface  is  17  feet  above  the  level  of  the  river. 
It  was  brought  into  use  on  1876,  January  1. 

All  these  gauges,  except  No.  8,  are  read  at  21''  daily  ;  in  addition,  Crosley's  gauge 
and  No.  7  are  read  daily  at  9''.  No.  8  is  read  at  the  end  of  each  month  only,  to 
check  the  summation  of  the  daily  readings  of  No.  7.  All  are  read  at  midnight  of  the 
last  day  of  each  month. 


§  23.  Ekcfriml  Apparatus. 

The  electrical  apparatus  consists  of  two  parts,  namely,  the  Moveable  Apparatus, 
which  is  connected  with  a  pole  nearly  80  feet  high,  planted  7  feet  North  and  2  feet 
East   of  the   north-east  angle  of  the  north  arm  of  the  Magnetic  Observatory  (as 


Electrical  Apparatus.  ^'^* 

extended  in  1862)  ;  and  the  Fixed  Apparatus,  wliicli  is  mounted  in  a  projecting 
^vindow  in  the  ante-room  of  the  Magnetic  Observatory. 

On  the  top  of  the  pole  is  fixed  a  projecting  cap,  to  which  are  fastened  the  endsot 
two  iron  rods,  which  terminate  in  a  pit  sunk  in  the  ground,  and  are  kept  m  tension 
bv  attached  weio-hts.  These  rods  are  to  guide  the  moveable  apparatus  m  its  ascents 
and  descents  Near  the  bottom  of  the  pole  is  fixed  a  windlass ;  the  rope  upon  which 
it  acts  passes  over  a  pulley  in  the  cap,  and  is  used  to  raise  the  moveable  apparatus, 
which  when  raised  to  the  top  is  suspended  on  a  hook. 

The  moveable  apparatus  consists  of  the  following  parts  :-A  plank  m  a  nearly 
vertical  position  is  attached  to  perforated  iron  bars,  which  slide  upon  the  iron  rods. 
On  the  upper  part  of  this  plank  is  a  cubical  box.     The  box  incloses  a  stout  pillar 
of  -lass  having  a  conical  hollow  in  its  lower  part.     In  the  bottom  of  the  box  there 
is  a"  large  hole  through  which  a  cone  of  copper  passes  into  the  conical  hollow  of  the 
o-lass  pillar      In  the  lower  part  of  the  box  a  gas-lamp  is  placed,  by  the  flame  of 
which  the  copper  cone  and  the  lower  part  of  the  glass  pillar  are  kept  m  a  state  of 
warmth      The  gas  lamp,  when  accidentally  extinguished  by  the  wind  or  other  cause, 
is  reli-hted  by  means  of    a  sliding   frame,  carrying   a  torch,   similar   to  that  of 
ordinary  lamplighters,  which  can  be  easily  raised  to  the  box ;  and  there  are  very  few 
losses  of  electrical  indications  from   the  failure  of  the  lamp.      A  copper  wire  is 
fastened  round  the  glass  pillar ;  its  end  is  carried  to  a  similar  glass  pillar,  warmed 
in  the  same  manner,  near  the  north-western  turret  of  the  Octagon   room;    by   this 
wire  whose  length  is  about  400  feet,  the  atmospheric  electricity  is  collected.     To 
this  'wire  near  the  box,  is  attached  another  copper  wire   (now  covered  with  gutta 
percha)  O'l  inch  in  diameter,  and  about  73  feet  long,  at  the  end  of  which  is  a  hook  ; 
a  loaded  brass  lever  connected  with  the  fixed  apparatus  presses  upon  this  hook,  and 
thus  keeps  the  wire  in  a  state  of  tension,  and  at  the  same  time  establishes  the 
electrical  communication  between  the  long  horizontal  wire  and  the  fixed  apparatus. 

On  1871,  November  17,  the  box  which  carries  the  insulating  glass  pillar  was  burnt. 
It  seems  possible  that  this  accident  was  caused  by  soot  deposited  during  gusty 
weather,  which  afterwards  caught  fire  from  the  lamp.  A  copper  box  was  substituted 
for  the  wooden  box  on  1872,  January  2. 

The  fixed  apparatus  consists  of  these  parts :— A  glass  bar,  nearly  3  feet  long,  and 
thickest  at  its  middle,  is  supported  in  a  horizontal  position,  its  ends  being  fixed  in 
pieces  of  wood  projecting  downwards  from  the  roof  of  the  projecting  window.  Near 
to  each  end  is  placed  a  small  gas-lamp,  whose  chimney  encircles  the  glass,  and  whose 
heat  keeps  the  glass  in  a  state  of  warmth  proper  for  insulation.  A  brass  collar 
sarrounds  the  center  of  the  glass  bar ;  it  carries  one  brass  rod,  projecting  vertically 
upwards  through  a  hole  in  the  roof  of  the  window  recess,  to  which  rod  are  attached 
a  small  metalHc  umbrella  and  the  loaded  lever  above  mentioned ;  and  it  carries 
another  rod  projecting  vertically  do^vnwards,  to  which  is  attached  a  horizontal  brass 
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tube  in  an  East  and  West  direction.  On  the  North  and  South  sides  of  this  tube 
there  project  four  horizontal  rods,  through  the  ends  of  which  there  pass  vertical  rods, 
which  can  be  fixed  by  screws  at  any  elevation ;  these  are  placed  in  connexion  with 
the  electrometers,  which  rest  on  the  window  seat. 

The  electrometers  during  the  year  1877  consisted  of  two  Volta's  Electrometers, 
denoted  by  Nos.  1  and  2 ;  a  Henley's  Electrometer ;  a  Ronald's  Spark  Measurer ;  a 
Dry-pile  Apparatus  ;  and  a  Galvanometer. 

Volta  1  and  Volta  2  are  of  the  same  construction  ;  each  is  furnished  with  a  pair  of 
straws  2  Paris  inches  in  length  ;  those  of  the  latter  being  much  heavier  than  those  of 
the  former  :  each  instrument  is  furnished  with  a  graduated  ivory  scale,  whose  radius 
is  2  Paris  inches,  and  it  is  graduated  into  half  Paris  lines.  In  the  original  con- 
struction of  these  instruments  it  was  intended  that  each  division  of  No.  2  should 
correspond  to  five  of  No.  1  :  the  actual  relation  between  them  has  not  been  deter- 
mined by  observations  at  the  Royal  Observatory.  The  straws  are  suspended  by 
hooks  of  fine  copper  wire  to  the  suspension-piece,  and  they  are  separated  by  an 
interval  of  half  a  line. 

Henley's  Electrometer  is  supported  on  the  West  end  of  the  large  horizontal  tube 
by  means  of  a  vertical  rod  fixed  in  it.  On  each  side  of  the  upper  part  of  this  rod  is 
affixed  a  semicircular  plate  of  ivory,  whose  circumference  is  graduated  ;  at  the  centers 
of  these  ivory  plates  two  pieces  of  brass  are  affixed,  which  are  drilled  to  receive  fine 
steel  pivots,  carrying  a  brass  axis,  into'which  the  index  or  pendulum  is  inserted  ;  the 
pendulum  terminates  with  a  pith  ball.  The  relation  between  the  graduations  of  this 
instrument  and  those  of  the  other  electrometers  has  not  been  determined.  This  instru- 
ment has  seldom  been  afi'ected  till  Volta  2  has  risen  to  above  100  divisions  of  its  scale. 

The  spark  measurer  consists  of  a  vertical  sliding  rod  terminated  by  a  brass  ball, 
which  ball  can  be  brought  into  contact  with  one  of  the  vertical  rods  before  referred 
to,  also  terminating  in  a  ball ;  and  it  can  be  moved  from  it  or  towards  it  by  means  of 
a  lever,  with  a  wooden  handle.  During  the  operation  of  separating  the  balls,  an 
index  runs  along  a  graduated  scale,  and  exhibits  the  distance  between  the  balls,  and 
this  distance  measures  the  length  of  tlie  spark. 

The  electrometers  and  the  spark  measurer  were  originally  constructed  under  the 
superintendence  of  the  late  Sir  Francis  Ronalds,  but  have  since  received  small 
alterations. 

The  dry-pile  apparatus  was  made  by  Watkins  and  Hill ;  it  is  placed  in  connexion 
with  the  brass  bar  by  a  system  of  wires  and  brass  rods.  The  indicator,  whicli 
vibrates  between  the  two  poles,  is  a  small  piece  of  gold  leaf.  This  instrument  is  very 
delicate,  and  it  indicates  at  once  the  quality  of  the  electricity.  When  the  inclination 
of  the  gold  leaf  is  such  that  it  is  directed  towards  the  top  of  either  pile,  it  remains 
there  as  long  as  the  quantity  of  electricity  continues  the  same  or  becomes  greater  : 
the  position  is  sometimes  expressed  in  the  notes  by  the  words  "  as  far  as  possible." 
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Electeometebs  :  Eegistration  of  Sunshine.  IMH 

The  angle  which  the  gold  leaf  makes  with  the  vertical  at  this  time  is  about  40^  The 
action  of  the  dry-pile  apparatus  was  not  satisfactory  during  the  year  1877,  and  its 
indication  of  the  quality  of  the  electricity  was  uncertain.  In  consequence,  reference 
for  quality  was  when  possible  made  to  the  galvanometer  described  in  the  next 
paragraph. 

The  galvanometer  was  made  by  Gourjon  of  Paris,  and  consists  of  an  astatic  needle, 
composed  of  two  large  sewing  needles,  suspended  by  a  split  silk  fibre,  one  of  the 
needles  of  the  pair  vibrating  within  a  ring  formed  by  2,400  coils  of  fine  copper  wire. 
The  connexions  of  the  two  portions  of  wire  forming  these  2,400  coils  are  so  arranged 
that  it  is  possible  to  use  a  single  system  of  1,200  coils  of  single  wire,  or  a  system  of 
1,200  coils  of  double  wire,  or  a  system  of  2,400  coils  of  single  wire  :  in  practice  the 
last  has  always  been  used.  A  small  ball  communicating  by  a  wire  with  one  end  of 
the  coils  is  placed  in  contact  at  pleasure  with  the  electric  conductor,  and  a  wire  lead- 
ing from  the  other  end  of  the  coil  communicates  with  the  earth.  An  adjustable 
circular  card,  graduated  to  degrees,  is  placed  immediately  below  the  upper  needle  ; 
the  numeration  of  its  divisions  proceeds  in  both  directions  fi'om  a  zero.  One  of  these 
directions  is  distinguished  by  the  letter  A,  and  the  other  by  the  letter  B ;  and  the 
nature  of  the  indication  represented  by  the  deflection  of  the  needle  towards  A  or 
towards  B  will  be  ascertained  from  the  following  experiment.  A  voltaic  battery 
being  formed  by  means  of  a  silver  coin  and  a  copper  coin,  having  a  piece  of  blotting 
paper  moistened  with  saliva  between  them  :  when  the  copper  touches  the  small  ball, 
and  the  wire  which  usually  communicates  with  the  earth  is  made  to  touch  the  silver, 
the  needle  turns  towards  A ;  when  the  silver  touches  the  small  ball,  and  the  wire  is 
made  to  touch  the  copper,  the  needle  turns  towards  B. 

The  glass  pillars  did  not  satisfactorily  insulate  the  collecting  wire  during  the 
present  year,  and  the  indications  of  the  instruments  were  in  consequence  imperfect. 
It  is  intended]  to  supersede  them  by  Thomson's  self-recording  electrometer,  which 
was  supplied,  though  not  brought  into  a  working  state,  during  the  present  year.  ^^ 

§24.  Instrument  for  t}w  Begistratiou  of  8unshrii£.  ^h^^'^un^  u^/'o/^'^^c^ 

The  instrument  with  which  the  record  of  duration  of  sunshine  is  obtained  is  one 
contrived  by  J.  F.  Campbell,  Esq.,  and  kindly  placed  by  him  at  the  service  of  the 
Royal  Observatory.  It  consists  of  a  very  accurately  formed  sphere  of  glass,  nearly 
4  inches  in  diameter,  supported  concentrically  within  a  well  turned  hemispherical       /  ^^ 

metal  bowl  in  such  a  manner  that -fck«4eiage-e^4he-stm7^fDTm^  when  the  sun  shines,   /  ^^^^A^ 
falls  always  on  the  concave  surface  of  the  bowl.     A  strip  of  some  suitable  material  ^-j^    ^ 

being  fixed  in  the  bowl,  the  saferwhcu  uhiniugr^^ttr^away  the  material  at  the  points         ^^  St^^ 
at  which  the  image  successivelVfaUs,  by  which  means  the  record  of  periods  of  sun-        ^  l^v.^^ _  tn^ 
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ehine  is  obtained.  The  strip  is  removed  after  sunset,  and  a  new  one  fixed  ready  for 
the  following  day.  Until  February  26  white  cardboard  was  used  ;  from  February  27, 
the  cardboard  was  blackened  with  stencilling  ink.  Commencing  with  April  10 
blackened  millboard  was  used.  The  register  is  frequently  much  interrupted,  con- 
tinuous sunshine  through  a  whole  day  being  a  comparatively  rare  circumstance. 
The  place  of  the  meridian  is  marked  on  the  strip  before  removing  it  from  the  bowl. 
A  series  of  time_scaleSj  suitable  _Jor_digerent  periods  of  the  year,_  having  Jbeen 
prepared,  the  proper  scale  is  selected  and  placed_ag;unst  tbe^record,  whicb^is  the^ 
easiiylransf erred  to  a^sheet  of  paper  specially jniledjyith  equal  vertical  spaces  to__ 
represent  hours,  each  sheet  containing  die  iTCOKlfqr_one  calendar  month.  The 
"daily  sums  and  sums  during  each  hour  through  the  month  are  thus  readily  formed. 
The  instrument  gives  fairly  the  duration  of  sunshine,  but  (usually)  no  register  is 
obtained  at  altitudes  of  less  than  5°.  Indeed,  on  fine  days  the  register,  which 
usually  has  a  certain  breadth,  tapers  off  in  the  early  morning  and  late  evening  hours 
to  a  fine  point,  thus  showing  the  extent  to  which  registration  under  the  best  cir- 
cumstances is  effective.  The  recorded  durations  are  to  be  understood  as  indicating 
the  amount  of  bright  sunshine,  no  register  being  obtained  when  the  sun  shines  faintly 
through  fog  or  cloud. 

§  25.  Ozonometer. 

The  Ozonometer  (furnished  by  Messrs.  Home  and  Thornthwaite)  is  fixed  on  the 
south-west  corner  of  the  roof  of  the  Photographic  Thermometer  shed,  at  a  height 
of  about  10  feet  from  the  ground.  The  box  in  which  the  papers  are  exposed  is  of 
wood :  it  is  about  8  inches  square,  and  blackened  inside,  and  so  constructed  that 
there  is  free  circulation  of  air  through  the  box,  without  exposure  of  the  paper  to 
li^ht.  The  papers  are  exposed  and  collected  at  2P,  3'\  and  9'',  and  the  degree  of 
tint  produced  is  compared  with  a  scale  of  graduated  tints,  numbered  from  0  to  10. 
The  value  of  ozone  for  the  civil  day  is  determined  h\  taking  the  degree  of  tint 
obtained  at  each  hour  of  collection  as  proportional  to  the  period  of  exposure. 
Thus  to  form  the  values  for  any  given  civil  day.  three-fourths  of  the  value 
registered  at  21'',  the  values  registered  at  3''  and  9",  and  one-fourth  of  that  regis- 
tered at  the  following  21'',  are  added  together,  the  resulting  sum  (which  appears 
in  the  tables  of  "  Daily  Results  ")  being  taken  as  the  value  referring  to  the  civil  day. 
The  mean  of  the  21'\  3'',  and  9'' values,  as  observed,  arc  also  given  for  each  month 
in  the  foot  notes. 


§  26.  Exflaiialxm  of  the  Talks  of  Results  of  the  Meteorological  Observations. 

The  results  contained  in  this  section  refer  generally  to  the  civil  day  commencing 
at  midnight. 
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the  air  and  of  evaporation  are  deduced,  by  use 
of  Glaisher's  Hygrometrical  Tables,  the  mean  daily  temperature  of  the  dew-point  and 
decree  of  humidity.      The  factors  used  for  calculating  the  dew-point  given  in  these 
tables  were  found  by  Mr.  Glaisher  from  the  comparison  of  a  great  number  of  dew-point 
determinations,  obtained  by  use  of  Daniell's  hygrometer,  with  simultaneous  observa- 
tions of  dry-bulb  and  wet-bulb  thermometers.     The  first  part  of  this  investigation 
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The  results  contained  in  this  section  refer  generally  to  the  civil  day  commencing 
at  midnight. 
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All  results  throughout  the  sectiou,  so  far  as  relates  to  the  Barometer,  and  the 
Temperature  of  the  Air  and  Evaporation,  and  to  dediictions  made  therefrom 
(excepting  observations  of  maximum  and  minimum  temperature),  arc  founded  upon 
the  photographic  records.  The  form  into  which  the  readings  from  the  photographic 
sheets  were  first  entered  is  one  having  a  double  argument,  the  horizontal  argument 
ranging  through  the  24  hours  of  the  civil  day,  and  the  vertical  argument  through 
the  days  of  a  calendar  month.  The  means  of  the  numbers  standing  in  the  vertical 
columns  being  then  taken,  we  obtain  the  mean  monthly  photographic  values  of  the 
particular  element  at  each  hour  of  the  day,  the  means  of  the  numbers  in  the  hori- 
zontal columns  gi'S'ing  the  mean  daily  value.  To  correct  the  values  for  instrumental 
error  it  is  to  be  remarked  that  the  standard  barometer  and  the  standard  dry-bulb 
and  wet-bulb  thermometers  of  the  Observatory  are  read  by  eye  at  21'',  0'',  3'\ 
and  9''  of  every  dav.  except  on  Sundays  and  a  few  other  days.  The  comparison 
of  these  readint^s  (corrected  for  temperature  in  the  case  of  the  l)arometer)  with 
the  corresponding  readings  from  the  photographs,  gives  the  correction  applicable 
to  the  photoo-raphic  readings  at  those  hours.  The  mean  correction  at  each  of 
these  hours  being  taken  through  a  month,  corrections  are  interpolated  for  the 
intermediate  hours,  which  being  applied  to  the  corresponding  means  of  the 
photographic  readings,  the  true  value  at  each  hour  is  obtained.  The  mean  of  the 
twenty-four  hourly  corrections  in  each,  month  is  adopted  as  the  correction  applicable 
to  each  mean  daily  value  in  the  month.  Thus  mean  hourly  and  mean  daily  values 
for  the  several  elements  are  in  each  month  obtained. 

Considering  the  construction  of  the  photographic  barometer  (already  described), 
and  having  regard  to  the  circumstance  that  the  basement  temperature  is  maintained 
so  nearly  uniform,  the  effect  produced  on  the  photographic  record  by  changes  of 
temperature  is  very  small,  so  that  the  corrections  can,  without  sensible  error,  be 
grouped  by  months  in  the  way  described.  As  regards  the  dry-bulb  and  wet-btdb 
thermometers,  the  process  of  coi'rection  is  ecpiivalent  to  giving  tlie  photo 
indications  in  terms  of  the  standard  dry-bulb  and  wet-1)ulb  thermometers 
on  the  free  stand. 

The  mean  daily  values  of  the  barometer,  and  of  the  dry-bulb  and  wet-bulb 
thermometers,  giving  air  and  evaporation  temperatures,  found  in  the  way  described, 
are  those  inserted  in  the  "  Daily  Results  of  the  Meteorological  Observations."  The 
mean  hourly  values  ai'e  given  in  following  tables  (pages  (lii)  and  (liii)). 

From  the  mean  daily  temperatures  of  the  air  and  of  evaporation  are  deduced,  by  use 
of  Glaisher's  Hygrometrical  Tables,  the  mean  daily  temperature  of  the  dew-point  and 
decree  of  humidity.  The  factors  used  for  calculating  the  dew-point  given  in  these 
tables  were  found  by  Mr.  Glaisher  from  the  comparison  of  a  great  number  of  dew-point 
determinations,  obtained  by  use  of  Daniell's  hygrometer,  with  simultaneous  observa- 
tions of  dry-bulb  and  wet-bulb   thermometers.     The  first  part  of  this  investigation 
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was  published  in  full,  in  the  volume  of  Magiietical  and  Meteorological  Observations  for 
1844,  pages  67-72 ;  it  was  based  upon  all  tlie  observations  made  up  to  that  time. 
Subsequently,  the  comparison  was  extended  to  include  all  the  simultaneous  observa- 
tions of  these  instruments  made  at  the  Royal  Observatory,  Greenwich,  from  1841 
to  1854,  vnth  some  observations  taken  at  high  temperatures  in  India,  and  others  at 
low  and  medium  temperatures  at  Toronto.  The  results  at  the  same  temperature 
were  found  to  be  the  same  at  these  different  localities,  so  far  as  the  climatic 
circumstances  permitted  comparison. 

The  following  table  exhibits  the  result  of  the  entire  comparison. 


Table  op  Factors  by  which  the  Difference  of  Readings  of  the  Drt-Bule  and  Wet-Bulp.  Thek- 
MoiiETERs  is  to  be  Multiplied  in  order  to  produce  the  Difference  between  the  Eeadings  of  the 
Drt-Bulb  and  Dew-Point  Thermometers. 
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In  the  same  way  the  mean  hourly  values  of  the  dew-point  and  degree  of  humidity 
in  each  month  (pages  (liii)  and  (liv))  have  been  calculated  from  the  corresponding 
mean  hourly  values  of  air  and  evaporation  temperatures  (pages  (Hi)  and  (liii)). 

The  excess  of  the  mean  temperature  of  the  air  on  each  day  above  the  average  of 
20  years,  given  in  the  "'  Daily  Results,"  is  found  by  comparing  the  numbers  con- 
tained in  column  6  with  a  table  of  average  daily  temperatures  found  by  smoothing 
the  numbers   given    in    Table   LXXVII.    of   the   lately   published    '•  Reduction    of 
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Greenwich  Meteorological  Observations,  1847-1873,"  which  are  similarly  deduced 
from  photographic  records.  The  smoothed  numbers  are  given  in  the  following 
table. 


Smoothed  Table  of  the  Mean  Teuperatdke  of  the  Alr  us  deduced  from  Twenty-fouk  Hourly 
Readings  on  each  Day  for  every  Day  of  the  Year  as  obtained  from  the  Photogeaphic  Records 
for  the  Period  1849-1868. 
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48-5 

40-8 

39'0 

28 

40- 1 

40-2 

43-4 

48-5 

56-5 

6.-9 

62-6 

607 

55-4 

48-2 

40-9 

38-8 

2q 

40-2 

43-8 

48-5 

56-8 

6r8 

62-6 

6o-6 

55'2 

47-9 

4ro 

387 

3o 

40'3 

44-3 

48-6 

57-0 

617 

62-6 

6o'4 

54-9 

47-6 

41-2 

38-5 

3i 

40-4 

44-8 

57-3 

62-6 

6o-3 

47-3 

38-3 

Means 

387 

397 

41-5 

47-3 

53-1 

59-8 

62-6 

6i'9 

57'5 

5ro 

427 

40-8 

The  I 

nean  of  t 

iie  twelv 

e  monthl 

y  values 

is  49^-; 

The  daily  register  of  rain  contained  in  column  20  is  that  recorded  by  the  gauge 
No.  7,  whose  receiving  surface  is  5  inches  above  the  ground.  This  gauge  is  usually 
read  at  21''  and  9''.  The  continuous  record  of  Osier's  self-registering  gauge  shows 
whether  the  amounts  measured  at  21''  are  to  be  placed  to  the  same,  or  to  the 
preceding  civil  day  ;  and  in  cases  in  which  rain  fell  both  before  and  after  midnight, 

i  2 
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also  gives  the  means  of  ascertaining  the  proper  j)roportion  of  the  21''  amount  which 
should  be  placed  to  each  civil  day.  The  number  of  days  of  rain  given  in  the  foot 
notes  and  in  the  abstract  tables,  pages  (li)  and  (Ixii),  is  formed  from  the  records  of 
this  gauge.  In  this  numeration  only  those  days  are  counted  on  which  the  fall 
amounted  to  or  exceeded  0"''005. 

For  understanding  the  divisions  of  time  under  the  heads  of  Electricity  and  Clouds 
and  Weather,  the  following  remarks  are  necessary  : — The  day  is  divided  by  columns 
into  two  parts  (from  midnight  to  noon,  and  from  noon  to  midnight),  and  each  of 
these  parts  is  subdivided  into  two  or  three  parts  hy  colons  (:).  Thus,  when 
there  is  a  single  colon  in  the  first  column,  it  denotes  that  the  remarks  before  it 
apply  (roughly)  to  the  interval  from  midnight  to  6  a.m.,  and  those  following  it  to 
the  interval  from  6  a.m.  to  noon.  When  there  are  two  colons  in  the  first  column, 
it  is  to  be  understood  that  the  twelve  hours  are  divided  into  three  nearlj^  equal  parts 
of  four  hours  each.  And  similarly  for  the  second  column.  The  exhibition  of 
Electricity  during  the  year  1877  was  so  scanty  that  the  indications  have  been 
included  in  one  column ;  in  this  case  the  colons  subdivide  the  whole  period  of 
24  hours  (midnight  to  midnight). 

The  following  is  the  explanation  of  the  notation  employed  for  record  of  electrical 
observations,  it  being  premised  that  the  quality  of  the  Electricity  is  always  to  be 
supposed  positive  when  no  indication  of  quality  is  given  : — 

s  denotes  droucj 


g-cur.  denotes  galvanic  currents 
m  ...       moderate 

N  ...       wgative, 

P  ...       positive 


sparks 

variable 

ireak 


The  duplication  of  the  letter  denotes  an  intensity  of  the  modification  described, 
thus,  s  s  is  very  strong ;  v  v,  very  variable. 

The  action  of  the  apparat\is  was  by  no  means  satisfactory  during  this  year,  great 
difficulty  being  experienced  in  maintaining  proper  insulation  of  the  collecting  wire, 
as  has  been  already  mentioned.  In  the  month  of  August  the  insulation  altogether 
failed,  and  the  use  of  the  apparatus  was  entirely  discontinued.  It  is  proposed  to 
supersede  it  by  the  Thomson's  self-recording  Electrometer,  to  which  reference  has 
already  been  made. 

The  Clouds  and  Weather  are  described  generally  by  Howard's  Komeuclature ;  the 
figure  denotes  the  proportion  of  sky  covered  by  clouds,  the  whole  sky  being  repre- 
sented by  10.     The  notation  is  as  follows  : 


a  denotes  aurora  horeaUs 
ci        ...      rirnis 


ci-s  denotes  cirro-stratus 
cu         ...       cumulus 


ci-cu  ...     cirro-cuinulus  cu-s     ...       rinnulo-stratus 


Meteokological  Notation. 


Ixix 


d      denotes 

deiv 

lu-r        denotes  'misty  rain 

h-d 

heavy  deiv 

fr-m-r 

freqiient  misty  rain 

f 

fog 

oc-m-r 

occasio^ml  misty  rain 

sl-f 

uligJit  fog 

sl-r 

slight  rain 

th-f 

f  hick  fog 

oc-sl-r 

occasimud  slight  rain 

fr 

frost 

li-shs 

heavy  showers 

g 

gale 

fr-slis 

frequent  shoivers 

h-g        ... 

heavy  gale 

fr-li-shs 

frequent  Jwavy  shmvers 

glm 

gloom 

li-shs 

light  sliotvers 

gt-glm  ... 

great  gloom 

oc-shs 

occas-ional  shmvers 

h-fr        ... 

hoar  frost 

oc-h-shs 

occasional  lieavy  shoivers 

h 

laize 

sq 

squall 

hi 

hall 

sqs 

squalls 

so-lia     . . . 

solar  halo 

fr-sqs 

frequent  squalls 

1 

lightning 

h-sqs 

heavy  sqiudls 

li-cl       ... 

light  clouds 

fr-h-sqs 

frequent  Jieavy  squalls 

lu-co 

Iwimr  corona 

oc-sqs 

occasional  squalls 

lu-ha      . . . 

lunar  halo 

sc 

scud 

mt 

mist 

li-sc 

light  scud 

sl-mt 

slight  mist 

si 

sleet 

n 

nimbus 

sn 

snoxv 

r 

rain 

oc-sn 

occasimml  snoiv 

th-r 

thin  raiib 

sl-sn 

slight  snow 

oc-r 

occasimml  rain 

s 

stratus 

oc-th-r ... 

occasional  thin  rain 

t 

thunder 

fr-r        ... 

frozen  rain 

t-s 

thumier  storm 

h-r 

heavy  rain 

th-cl 

thin  clmuls 

sh-r 

shoioer  of  rain 

V 

variable 

shs-r 

showers  of  rain 

w 

very  variable 

c-r 

continued  rain 

w          ... 

wiiul 

C-ll-l" 

continued  Jieavy  rain 

st-w 

strong  wind 

'So  particular  explanation  of  the  anemonaetric  results  seems  necessary.  It  may 
be  understood  generally  that  the  greatest  pressures  usually  occur  in  gusts  of  short 
duration. 

The  remaining  columns  in  the  tables  of  "  Daily  Results  "  seem  to  require  no 
special  remark  ;  all  necessary  explanation  regarding  the  results  therein  contained 
-ivill  be  found  in  the  notes  at  the  foot  of  the  left-hand  page,  or  in  the  descriptions  of 
the  several  instruments  given  in  preceding  sections. 

In  regard  to  the  comparisons  of  the  extremes  and  means,  &c.  of  meteorological 
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elements  with  average  values  contained  in  the  foot  notes,  it  may  be  mentioned  that 
the  photographic  barometric  results  are  compared  with  the  corresponding  barometric 
results,  1854-1873,  and  the  photographic  thermometric  results  and  deductions 
therefrom  with  the  corresponding  thei-mometric  results,  1849-1868  (see  "  Reduction 
of  Greenwich  Meteorological  Observations  1S47-1S73").  Other  deductions,  from 
eye  observations,  are  compared  with  averages  for  the  period  1841-1876. 

The  tables  of  Meteorological  Abstracts,  following  the  Tables  of  "  Daily  Results," 
require  no  special  explanation. 


§  27.  Observations  of  Luminous  Meteors. 

In  arranging  for  the  observations  of  meteors,  the  directions  circulated  by  the 
Committee  of  the  British  Association  have  received  careful  attention.  On  the  nights 
specially  mentioned  in  the  directions  systematic  watch  has  been  kept  whenever  the 
weather  was  sufficiently  favourable.  These  nights  are,  January  2,  and  15  to  19 ; 
February  10  and  19 ;  March  1  to  4  and  18 ;  April  20,  and  25  to  30  ;  May  18 ;  June  6 
and  20;  July  17,  20,  and  29;  August  3  and  7  to  13  (especially  August  10);  Sep- 
tember 10 ;  October  1  to  6  and  16  to  23 ;  November  12  to  14,  19,  28,  and  30 ; 
December  6  to  14  (especially  December  11)  and  December  24. 

Special  arrangements  were  made  in  the  August  and  November  periods  for 
observing  through  the  night,  two  observers  being  usually  charged  with  the  observa- 
tions at  these  times,  so  that  observations  of  all  meteors  that  should  present 
themselves  might  be  secured. 

The  observers  in  the  year  1877  were  Mr.  Ellis,  Mr.  Nash,  Mr.  Greengrass, 
Mr.  Power,  Mr.  James,  Mr.  Hugo,  and  Mr.  Simmons.  Their  observations  are 
distinguished  by  the  initials  E.,  N.,  G.,  P.,  J.,  H.,  and  S.,  respectively.  One  observa- 
tion with  the  initial  M.  was  made  by  Mr.  Maunder. 


§  28.  Details  of  the  Cli&mical  Operatimis  for  the  Photographic  Records. 
The  paper  used  in  1877  was  principally  furnished  by  Whatman. 

First  Operation. — Preliminary  Preparation  of  tlic  Paper. 

The  chemical  solutions  used  in  this  process  are  the  following  : — 

(1.)  Sixteen  grains  of  Iodide  of  Potassium  are  dissolved  in  one  ounce  of  distilled 

water. 

(2.)  Twenty-four  grains  of  Bromide  of  Potassium  are  dissolved  in  one  ounce  of 

distilled  water. 
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(3.)  "When  the  crystals  are  dissolved,  the  two  solutions  are  mixed  together,  forming 
the  bromo-iodising  solution.  The  mixture  will  keep  through  any  length  of  time. 
Immediately  before  use,  it  is  filtered  through  filtering  paper. 

A  quantity  of  the  paper,  sufficient  for  the  consumption  of  several  weeks,  is  treated 
in  the  following  manner,  sheet  after  sheet. 

The  sheet  of  paper  is  pinned  by  its  four  corners  to  a  horizontal  board.     Upon 

the  paper,  a  sufficient  quantity  (about  50  minims,  or  -f-g  of  an  ounce  troy) 

of  the  bromo-iodising  solution  is  applied,  by  pouring  it  upon  the  paper  in 

front  of  a  glass  rod,  which  is  then  moved  to  and  fro  till  the  whole  surface 

is  uniformly  wetted    by  the  solution.      Or,  the  solution  may  be    evenly 

distributed  by  means  of  a  camel-hair  brush. 

The  paper  thus  prepared  is  allowed  to  remain  in  a  horizontal  position  for  a  few 

minutes,  and  is  then  hung  up  to  dry  in  the  air ;  when  dry,  it  is  placed  in  a  drawer, 

and  may  be  kept  through  any  length  of  time. 

Second  Operation. — Rendering  tlie  Paper  sensitive  to  tJie  Action  of  Light. 

A  solution  of  Nitrate  of  Silver  is  prepared  by  dissolving  50  grains  of  crystallized 
Nitrate  of  Silver  in  one  ounce  of  distilled  water.  Since  the  magnetic  basement  has 
been  used  for  photography,  15  grains  of  Acetic  Acid  have  always  been  added  to  the 
solution. 

Then  the  following  operation  is  performed  in  a  room  illuminated  by  yellow  light. 
The  paper  is  pinned  as  before  upon  a  board  somewhat  smaller  than  itself,  and 
(by  means  of  a  glass  rod,  as  before,)  its  surface  is  wetted  with  50  minims 
of  the  Nitrate  of  Silver  solution.     It  is  allowed  to  remain  a  short  time  in 
a  horizontal  position,  and,  if  any  part  of  the  paper  still  shines  from  the 
presence  of  a  part  of  the  solution  unabsorbed  into  its  texture,  the  super- 
fluous fluid  is  taken  off  by  the  application  of  blotting  paper. 
The  paper,  still  damp,  is  immediately  placed  upon  the  cylinder,  and  is  covered  by 
the  exterior  glass  tube,  and  the  cylinder  is  mounted  upon  the  revolving  apparatus,  to 
receive  the  spot  of  light  formed  by  the  mirror,  which  is  carried  by  the  magnet ;  or  to 
receive  the  line  of  light  passing  through  the  thermometer  tube. 

Third  Operatimi. — Development  of  the  Photographic  Trace. 

When  the  paper  is  removed  from  the  cylinder,  it  is  placed  as  before  upon  a  board, 
and  a  saturated  solution  of  Gallic  Acid,  to  which  a  few  drops  of  Aceto-Nitrate  of 
Silver  are  occasionally  added,  is  spread  over  the  paper  by  means  of  a  glass  rod,  and 
this  action  is  continued  until  the  trace  is  fully  developed.  The  solutions  are  kept  in 
the  magnetic  basement,  and  are  always  used  at  the  temperature  of  that  room.  When 
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the  trace  is  well  developed,  the  paper  is  placed  in  a  vessel  with  water,  and  repeatedly 
washed  with  several  changes  of  water;  a  brush  being  jiassed  lightly  over  both  sides 
of  the  paper  to  remove  any  crystalline  deposit. 

Fovrfh  Operation. — Fixing  the  Photographic  Trace. 

The  Photograph  is  placed  in  a  solution  of  Hypostilphito  of  Soda,  made  by  dis- 
solving four  or  five  ounces  of  the  Hyposulphite  in  a  pint  of  water ;  it  is  plunged 
completely  in  the  liquid,  and  allowed  to  remain  from  one  to  two  hours,  until  the 
yellow  tint  of  the  Iodide  of  Silver  is  removed.  After  this  the  sheet  is  washed 
repeatedly  with  water,  allowed  to  remain  immersed  in  water  for  24  hours,  and 
afterwards  placed  within  folds  of  cotton  cloths  till  nearly  dry.  Finally  it  is  either 
ironed,  or  placed  between  sheets  of  blotting-paper  and  pressed. 


§  29.  Personal  Establishment. 

The  personal  establishment  during  the  year  1877  has  consisted  of  William  Ellis, 
Esq.,  Stiperintendent  of  the  Magnetical  and  Meteorological  Department,  and 
William  Carpenter  Nash,  Esq.,  Assistant. 

Three  or  four  computers  have  usually  been  attached  to  the  Department. 

Royal  Observatory,  Greenwich,  G.  B.  AIRY. 

1879,  July  30. 
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Days  of 
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January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 
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6o-8            58-9 
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56-1 
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.■Si     ' 

-If 

C«      1 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

18° 

-° 

18° 

iS° 

18° 

18° 

18° 

18° 

18° 

18" 

18' 

18= 

0 

62*9 

63-6 

65'-3 

637 

6i'-5 

6i'-3 

59-8 

6o'4 

6o"o 

58'- 2 

56-4 

35-6 

I 

63-5 

64-0 

66-1 

65-1 

62-2 

62-3 

611 

6i-3 

6o"3 

58-8 

36-4 

55'3 

2 

63-1 

637 

65-6 

64-8 

62 -o 

62-4 

6f3 

6o*9 

597 

58-0 

35*3 

347 

3 

62-3 

627 

64-3 

63-0 

6i-i 

61-8 

607 

59-3 

37-9 

36-6 

54"  2 

54'3 

4 

621 

617 

62-3 

61 -6 

6o-3 

6o-6 

59"4 

57-6 

36-3 

33-4 

53-8 

34-1 

5 

617 

6i-2 

6i-i 

6o-8 

59-3 

3q-4 

38*i 

56-1 

33-6 

53*o 

53-3 

53-6 

6 

6i-4 

608 

6f2 

59-5 

58-6 

58-6 

37-1 

53'4 

55-6 

547 

53-0 

53-3 

7 

6o*9 

60-4 

6o-6 

59-1 

58-0 

57-9 

36'4 

33-2 

55-4 

54-3 

327 

53-1 

8 

6o-o 

597 

6o-o 

58-9 

57'5 

57-6 

36-0 

35-1 

53- 1 

33-9 

52-3 

52-6 

9 

59-2 

59-5 

597 

537 

57-0 

37-3 

55-6 

53-0 

35"o 

33-6 

52-4 

52"4 

10 

59-1 

59-6 

597 

587 

56-8 

56-8 

53'2 

54-5 

34-6 

53-6 

32-1 

32'3 

II 

59'2 

59-4 

59-4 

58-6 

56'4 

56"5 

53-0 

34-3 

54-1 

33-4 

32-3 

52-6 

12 

5g'5 

59-3 

597 

587 

56*o 

56-4 

34-8 

54-3 

54-1 

33"5 

32-5 

52-8 

i3 

6o"i 

59-8 

6o-2 

59-0 

Sa-g 

56-4 

34-6 

34"o 

54-1 

33-3 

327 

52-9 

'4 

606 

6o*i 

6o-5 

58-8 

56-3 

56-0 

34-4 

53-9 

53-8 

53-3 

52-9 

53-2 

i5 

61-2 

6o"i 

6o-3 

58-5 

56-3 

537 

54-4 

54-1 

537 

53-6 

52*9 

53-5 

16 

611 

6o-3 

6o-i 

58-4 

36-2 

35-2 

33-9 

33-8 

537 

33-8 

52-8 

337 

17 

6o'9 

6o'i 

6o-2 

58-3 

55-5 

54-2 

53-0 

32-9 

53-5 

53-8 

527 

53 '3 

18 

6i-o 

6o-i 

6o-i 

577 

54"9 

33-3 

32-2 

521 

33-3 

53-6 

52-6 

33-4 

'9 

608 

6o'i 

6o'o 

56-8 

54'5 

53-2 

5i"9 

5r6 

53-0 

53-4 

527 

53'5 

20 

604 

6o-o 

59*4 

56-3 

54-4 

53-6 

52-0 

3i-8 

527 

32-8 

527 

53-3 

21 

!    60-4 

59-9 

59-4 

56-9 

55-0 

34-3 

33-1 

33-4 

53-9 

527 

52-9 

34-1 

22 

6ro 

60-9 

6o-8 

58-6 

567 

56-5 

55-2 

357 

56-1 

53-9 

54-2 

54-8 

23 

62'0 

62- 

63-4 

6i'o 

59-3 

39-1 

37 '6 

38-4 

58-4 

36-2 

557 

55'2 

MADE   AT   THE   EOYAL    OBSERVATORY,    GREENWICH,    IN   THE   YeAR    1877. 
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Table  III. 

1877. 

Excess  of  Western 

Monthly  Means  of  all 

Mean  Wvstf.k^ 

Declination  above  i8% 

the  Actual  Diurnal 

converted  into  Westerly 

Ranges  of  the  Western 

Month. 

Declination  of  the 
Magnet  in  each  Month. 

Force,  and  expressed  in 

teims  of  Gauss's  Unit 

measured  on  the  Metrical 

Declination,  as  deduced 

from  the  Twenty-four 

Hourly  Measures 

System. 

of  each  day. 

January 

19. 
19- 
•9- 
18. 

l^O 

o-o3l90 
•o3i8o 

6-0 

February  

0-8 

6-2 

March 

1'2 

•o3201 

9'4 

April 

5q^6 
57-6 

•o3ii7 
*o3oi  2 

May 

18. 

's-6 

9'9 
1 0*2 

June 

18. 

57^4 
55^9 
55*5 

•o3oo2 

July 

18. 

•02924 
•02go3 
•02897 
■02856 

V 

August 

18. 

10-3 

9^2 

7-2 

6-2 

September 
October . . 

18. 

55"4 
54-6 

18. 

November 

18. 

53*4 
53*7 

•02793 
•02809 

December 

18. 

4-3 

Mean 

18. 

57^2 

0-02990 

8-2 

The  uuit  adoptc 

d  in  column  3 

is  the  Millimetre-ilillijrrammc-Sccoiid  Unit.     To  express  the  forces  on  the  Centim^tre-Gramme-Second  (C.G.S.)  system,  the         I 

numbers  mu> 

t  be  divided 

by  10,  equivalent  to  shifting  the  decimal  point  one  step  towards  the  left. 

Table  IV.— !\] 

EAN  Horizontal  Magnetic  Fo 

rce,  expres 

sed   in  terms  of  the  Slean  Horizontal  Force  for  the  Year,  and  diminished 

by  a  Const 

ant  (o-86ooo  nearly), 

uncorrecte 

d  for  Temperature,  on  each  Astronomical  Day  ;  as  deduced  from  the 

Mean  of 

Twenty- F 

5UR  Hourly  Me.\sures  of  Ordi 

nates  of  the  Photographic  Register  on  that  Day. 

1877.                                                                                                            1 

Days  of 

the 
Month. 

January. 

February. 

March. 

April. 

May. 

June. 

JiUy.            August. 

1 

September. 

October. 

November. 

December. 

d 

I 

i 
0-12701 

0^12724 

0^12642 

o*i26i7 

©•12659 

©■12788 

1 
0-12772     j   0-12548 

0*12608 

o- 12568 

©•12823 

©•12823 

2 

•12697 

•1271  I 

•12654 

■12636 

•12572 

■12832 

•12755 

•12602 

•12627 

■12612 

•12797 

•12861 

3 

•12743 

•12678 

•12671 

•12641 

•12543 

■12727 

•12761 

•12679 

•12615 

■12649 

•12731 

•12821 

4 

•12705 

•12672 

•12648 

•12623 

•12575 

■12721 

•12727 

•12643 

•I265l 

■12619 

•12779 

•12772 

5 

•12816 

■12688 

•12655 

•12643 

•12572 

■12757 

■12726 

•12587 

•12625 

■12632 

•12749 

•12747 

6 

•12639 

■12670 

•12668 

•12644 

•12564 

■12798 

•12742 

•12583 

•12621 

•12631 

•12743 

•1283© 

7 

•12692 

•12681 

•12637 

•12663 

•i256o 

■12761 

•12745 

•12675 

•12641 

•12664 

•12720 

•12789 

8 

•12703 

•12675 

•12637 

•12636 

•12533 

•12729 

•12711 

•12769 

•12615 

•12627 

•12678 

•12817 

9 

j     ^12702 

•12654 

•12645 

•12643 

■12507 

•12736 

•12690 

•12719 

•12605 

•12657 

•12729 

•12863 

10 

•12665 

•12685 

•i25i6 

•i265o 

■i253i 

•12730 

•12683 

•12712 

•12634 

•12675 

•12717 

•12835 

II 

•12690 

•12633 

•12595 

•12675 

■12539 

•12795 

•12698 

•12758 

•12680 

•12622 

•12794 

•12839 

12 

•12732 

•12647 

•12621 

•12677 

■12585 

•12677 

•12713 

•12751 

•12662 

•12718 

•12804 

•12755 

i3 

•12750 

•12623 

•12628 

•12708 

■12598 

•12625 

•12730 

•12777 

•12648 

•12735 

•12823 

•12783 

14 

•12732 

•12621 

•12620 

•12685 

■12622 

'i255o 

•12745 

•12727 

•12719 

•12664 

•12802 

•12788 

i5 

•12670 

•12618 

•12661 

•12625 

■12658 

•12577 

•12791 

•12725 

•12659 

•12644         •12811 

•12811 

16 

■12668 

•12623 

■12661 

•12636 

•12726 

•12582 

•12764 

•12722 

•12671 

•12696 

•12765 

•12780 

17 

•12715 

•12658 

■12672 

•12661 

•12697 

•12579 

•12770 

•12684 

•12704 

•12733 

•12814 

•12845 

18- 

•12733 

•12673 

■12686 

•12674 

•12678 

•i253o 

•12775 

•12638 

•12625 

•12810 

•12825 

•1280© 

19 

•12730 

•12622 

■12672 

•12708 

•12722 

•12570 

•12729 

•12662 

•12575 

•12820 

•12797 

•1281© 

20 

•12722 

•12613 

■12686 

•12688 

•12762 

•12599 

•12708 

•12664 

•12638 

•I28i3 

•12739 

•12828 

21 

•12746 

•12661 

■12675 

•12707 

•12730 

•12605 

•12694 

•12668 

•12620 

•12833 

•12823 

•12847 

22 

■12745 

•12653 

•12638 

•12700 

•12735 

■12600 

•12685 

•12672 

•12641 

•12837 

•12826 

■1285© 

23 

■12635 

•12668 

■12612 

•12635 

•12693 

•12608 

•12675 

•12657 

•12614 

•12778 

•12848 

•12810 

24 

•12653 

•12689 

•12601 

•12643 

■12721 

•12549 

•12627 

•12698 

•12597 

•12688 

•12780 

•12797 

20 

•12622 

■12665 

•12617 

•12633 

•12686 

•12725 

•12665 

•12811 

•12612 

•12720 

•12766 

•12791 

26 

•12639 

•12669 

•12620 

•12658 

■12729 

•12753 

•12660 

•12803 

•12587 

•12751 

•12832 

■'2794 

27 

•12645 

•12635 

■12636 

•12662 

■12707 

•12735 

•12629 

•12826 

•12602 

•12753 

•1284S 

•12812 

28 

•12671 

•12663 

■12641 

•12637 

■12691 

•12712 

•12705 

•12655 

•12623 

•12736 

•12843 

•12802 

29 

•12685 

•12622 

•12670 

■12654 

•12658 

•12636 

•12573 

•12632 

•12753 

•12836 

•12849 

3o 

•12674 

•12610 

•12646 

■12724 

•12744 

•12632 

•12637 

•12649 

•12721 

•12808 

•1285© 

3i 

•12675 

•12621 

■12747 

•12597 

•12612 

•12776 

•1282© 

1 

1 

(vi) 


Reduction  of  the  IIagxetic  Observations 


Table  V. — Daily  JIeaxs  of  I! 

EADiXGS  (usually  ei^ht  on  each  D 

ay)  of  the  Tiiekmojieter  placed 

on  the  bos  inclosLng  the               | 

HOKIZOXTAL  FOKCK  MAGNETOMETEn 

,  for  each  AsiKOSOsncAL  Day. 

Da.vs  of 

tlie 
Mouth. 

January. 

Febrra-'y. 

March. 

April. 

May. 

June. 

1- 

July. 

August. 

September. 

October. 

November. 

December. 

d 

^ 

I 

62-0 

63°5 

617 

63-4 

62"9 

63-6 

66-8 

69°8 

65-7 

65^2 

63^5 

62°5 

2 

6i-6 

62^3 

62^4 

63-7 

63-1 

62-6 

67-0 

68^o 

65^9 

65-1 

629 

62-3 

3 

62-2 

62^2 

63-1 

64-7 

62^8 

67-3 

67-0 

68-0 

66^o 

63-9 

62^7 

62^3 

4 

62-9 

62^3 

6.7 

64*9 

62^4 

67'o 

67^1 

69"  I 

65^6 

64-2 

62-4 

62^5 

5 

6,7 

63-1 

6rg 

64^0 

62-6 

65-5 

66^9 

7'r2 

65-7 

64-5 

63-8 

62^1 

6 

6l-2 

63-7 

6r9 

63-7 

633 

64-3 

65^8 

72-6 

65'7 

64-8 

64'9 

62^5 

7 

622 

63-8 

6r9 

63^4 

63^9 

64^3 

65-6 

71-3 

65^3 

64^0 

647 

62^1 

8 

63-2 

63^4 

62-2 

63^6 

64^8 

65-q 

65-8 

69' I 

64^8 

63^9 

64-2 

62^3 

9 

62-4 

637 

62-6 

64*4 

65^6 

67-2 

67^2 

69^1 

65^7 

63-5 

63^9 

6o^6 

lO 

62-1 

63-6 

6i-9 

63^6 

65-1 

68^2 

68^9 

68-3 

66^5 

637 

63^3 

6o^3 

II 

60-9 

62-3 

6ro 

63^3 

64*4 

68-9 

69^2 

67-6 

67^3 

64^5 

6r3 

6i-3 

12 

59-8 

63-0 

62^2 

63^2 

64^2 

687 

68-6 

67*9 

677 

64^1 

6i-4 

6ri 

i3 

6o-6 

63-5 

62-8 

62-9 

643 

66-8 

687 

69-2 

67'9 

647 

6o-5 

6o^8 

1+ 

6i-3 

63^9 

63-0 

63^i 

64^6 

66-8 

69-2 

70^2 

68^1 

66^o 

6r8 

6o^7 

i5 

61-9 

63-9 

62^4 

6r3 

64-4 

66-7 

67^8 

70*0 

66^8 

64^5 

63-5 

6i-4 

i6 

63-3 

63-1 

6r6 

60-9 

64^6 

67^5 

67-9 

7r2 

65-1 

62^5 

62>-i 

62^T 

'7   : 

62'9 

62^4 

6i^9 

62^1 

64-0 

68-8 

67-3 

70^2 

65-2 

6r3 

6V3 

611 

'^ 

627 

62-9 

59-1 

62-3 

64'4 

697 

67-4 

70-8 

65-8 

6r3 

6r4 

617 

•9     1 

63' I 

62-0 

62-1 

62^4 

64-5 

69'9 

67^5 

73^2 

65^5 

62^4 

6r5 

6r5 

20 

62-6 

616 

62^5 

62^3 

63-2 

6g-o 

67^6 

73^5 

63-8 

63-8 

6o^7 

621 

21 

58-4 

6i-2 

6i-8 

62^7 

62-8 

68-q 

68^5 

7r8 

617 

64^1 

6r6 

62-3 

22       i 

587 

62-1 

62-6 

63-6 

63^o 

68^6 

69-6 

69-6 

62^5 

63-7 

6o^7 

62^2 

23       j 

617 

62-7 

63-1 

63-5 

627 

67-2 

70-3 

67^2 

62^9 

63-3 

59^8 

6i-5 

H 

63-2 

62^3 

63-7 

627 

63^o 

66-6 

69-8 

67^2 

63-8 

63-8 

6ro 

6ro 

25 

63-8 

62^0 

63^3 

62-5 

64^0 

66-q 

69^8 

67^8 

64-6 

64^1 

6o-8 

60-9 

26 

62-2 

617 

63^6 

6i"9 

63-8 

67-3 

697 

68-8 

65-1 

63^7 

617 

6i-i 

27       1 

62-3 

6i-2 

64^0 

62^1 

63^8 

67'4 

70^3 

68-9 

65^1 

64*4 

6r5 

6o^4 

28 

6.7 

6o^4 

63-9 

62-5 

63^8 

68-0 

70^2 

69^1 

65^2 

63^9 

6r5 

612 

29 

62-2 

64^5 

62^4 

63^3 

69-3 

7i'4 

68-6 

65^6 

64^3 

6i-5 

62^6 

00 

62-3 

63-0 

63-0 

63-4 

67^1 

7«7 

67^5 

65^4 

64^8 

617 

6r6 

3i     ] 

63-0 

63^9 

63^7 

72^1 

66^3 

64^0 

a.7 

Tabl 

E  VI.— Me 

AN  Month 

LT    DeTEKS 

11N.1TION  of  the  HoR 

zontal  JI 

agnetic  F 

orce,  expr 

3ssed  in  terms  of  the  Mean  Horizontal         1 

I 

"■orce  for  t'u 

e  Year,  ant 

diminishe 

d  by  a  Constant  (o-86 

000  nearly 

),  uncorrec 

ted  for  Tes, 

perature, 

at  evei-y  Hoce  of  the  Day  ;         1 

0 

btained  by 

taking  the 

Mean  of  al 

1  the  Determination 

S  at  the  san 

le  Hour  of 

the  Day  t 

hrough  each  Month. 

Hour, 
Greenwieh 
MeuiSoUr 

Time.      1 

January. 

February. 

March. 

April. 

May. 

1877. 
June. 

July. 

August. 

September. 

October. 

November. 

December. 

h 
0 

O' 1 2666 

0^12626 

o- 1 2586 

©•12575 

0^12578 

o^  1 2608 

o- 12(539 

0^12614 

0^12587 

0^12655 

©•12760 

©•I2823 

I 

•12691 

•12643 

•12610 

•12618 

•12618 

•12641 

•12658 

•12646 

•12613 

•12686 

•12786 

•12835 

2 

•12709 

•12655 

•12634 

•12646 

•12653 

•12672 

•12699 

•12681 

•12636 

•12714 

•12800 

•12826 

3 

•12718 

•12652 

•12640 

•12675 

•12681 

•12703 

•12723 

■12702 

•12639 

•12726 

•12805 

•12816 

4 

•12705 

•12653 

•12638 

•12693 

•12705 

•12717 

■12733 

■12706 

•12642 

•12729 

•12813 

•12806 

5 

■12695 

•12652 

•i263g 

•12714 

•12728 

•12725 

■12761 

■12700 

•i265o 

•12728 

•12813 

•12802 

6 

•12698 

•12661 

•i265o 

•12711 

•12733 

•12728 

■12775 

■12720 

•12663 

•12735 

■12803 

•12806 

7 

•12697 

•12657 

•12665 

•12717 

•12733 

•12738 

•12771 

■12732 

•12674 

•12741 

■12793 

•12806 

8 

•12686 

•12656 

•12669 

•12712 

•12714 

•12731 

■12706 

■12725 

•12672 

•12732 

■12804 

■12802 

9 

•12674 

•12656 

•12672 

•12702 

•12695 

•12719 

■12752 

■12725 

•12669 

•12735 

■12798 

•12799 

10 

•12680 

•12660 

•12672 

•12698 

•12696 

•12709 

■12751 

■12717 

•12673 

•12736 

•12793 

•12807 

II 

•12689 

•12674 

•12670 

•12692 

•12689 

•12708 

•12738 

■12722 

•12669 

•12732 

•12787 

•12802 

12 

•12688 

■12668 

•12666 

•12680 

•12672 

■12702 

•12739 

■12725 

•12668 

•12727 

•12790 

•12794 

i3 

•12691 

•12663 

•12661 

•12674 

•12655 

•12701 

•12738 

•12724 

•12659 

•12721 

•12782 

•12799 

14 

'     ^12691 

•12660 

•12655 

•12669 

•12637 

•12702 

•12731 

•12721 

•12653 

12715 

•12781 

•12801 

i5 

•12695 

•I  266 1 

•12646 

•12657 

•12638 

•12707 

•12728 

•12717 

•12649 

•12713 

•12790 

•12809 

16 

•12708 

•12665 

•12640 

•12654 

•I263q 

•12705 

•12725 

•12717 

•i265i 

■12717 

■12800 

■12820 

>7 

•12717 

•12679 

•12649 

•12662 

•12635 

•12701 

•12719 

•12717 

•12656 

■12723 

•12801 

■12831 

18 

•12724 

•12686 

•12654 

•12667 

•12621 

•12690 

•12707 

•12706 

■12645 

•12719 

•12808 

■12834 

»9 

•12723 

•12690 

•12639 

•12657 

•12583 

•12656 

•12679 

•12670 

■12620 

•12707 

■12797 

•12833 

20 

•12717 

•12681 

•12621 

•12623 

•12557 

•12612 

•12640 

•12619 

•12583 

■12686 

■12776 

•12827 

21 

•12697 

•12660 

•12591 

•12588 

•12545 

•12577 

•12613 

•I258i 

•12547 

■12649 

■12750 

•12813 

22 

•12681 

■12643 

•12565 

•|255o 

•12541 

•12061 

•12601 

•12569 

•12532 

•12623 

•12741 

•12812 

23 

•12675 

•i263i 

•12568 

•12547 

•12553 

•12070 

•12606 

•12585 

•12548 

•12632 

•12741 

•12821 

MADE  AT  THE  ROTAL  OBSERVATORY,   GREENWICH,   IN  THE  YEAR  1877. 


(Vii) 


Table  VII  — MosTHLr  Means  of  Readings  of  the  Thermoitetek  placed  on  the  box  inclosing  the  Hoeizontal  Force 

MAGJfETOJiETER,  at  each  of  the  ordinary  Hours  of  Observation. 

1877. 

Hour, 
Greenwich 

3  e-         Moon  Solar 
Time. 

January. 

Febniai-y. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

62"0 

62-8 

6r6 

63% 

63-8 

67-3 

68-5 

69-8 

65^5 

64-0 

62-3 

6^7 

6rg 
62-1 

62-7 

626 

63-2 

64-0 

67^5 

68-7 

70-0 

65-7 

64-0 

62-5 

6i-8 

62^7 
62^8 

62-7 

63-3 

64^1 

67-6 

68-9 

70^0 

65-9 

64-3 

62-6 

62-0 

3 

62^2 

62-8 

63-2 

64-1 

677 

69*0 

70^1 

66-0 

64-3 

62^5 

6i*q 

9 

62-4 
6i-8 

62'9 
62-3 

62-6 

63-3 

63-8 

67^5 

68-8 

69-0 

65-6 

64^1 

62-3 

6r5 

62-2 

62-6 

63-5 

66^7 

67*9 

68^7 

647 

63^6 

61-9 

61-4 

61-9 
61-7 

62-3 

62^2 

62^7 

63-5 

67-1 

68-0 

68-8 

65^o 

63-4 

619 

6r2 

23 

62^7 

62-4 

62-8 

63^5 

66-9 

68-2 

69^1 

65-2 

63-4 

6i'9 

6l-2 

Table  YBI. 

i»77. 
Mean  Homzostai.  Magnetic  Force  in  eacu  Moxth, 

Month. 

uncorrected  for  Temperature. 

Mean  Temperature. 

Expressed  in  terms  of  the  Mean- 

Expressed  in  terms  of  Gauss's 

Horizontal  Force  for  the  Year, 

and  diminished  by  a  Constant 

diminislied  by  a  Constant 

(o- 86000  nearly). 

(1-54671  nearly). 

January  

©•12696 

0-22834 

62*0 

•  12660 

•22769 

62-6 

Mar 
Apri 
May 
June 
July 

5h 

•12638 
•12667 

•22729 
•22764 

62-5 

63-0 

1 

•12646 
•12678 
•12708 

•22744 
•22801 
■22855 

63-8 
67-3 
68-5 

Aug 
Sept 
Octo 
Nov 
Dect 

•12685 
•12633 
•12708 
•12788 
•12814 

•22814 
•22720 
•22855 
•22099 

69H 
65-5 
63-9 
62-2 

-mber 

•23046 

6i-6 

Table  IX.— Meas  Vertical  Magnetic  Force,  expressed  in  terms  of  the  Mean  Vertical  Force  for  the  Tear,  and  diminished  by 
a  Constant  (0-96000  nearly),  uncorrected  for  Temperature,  on  each  Astronomical  Bay  ;  as  deduced  from  the  Mean  of 
Twenty-four  Hourly  JtlEAsuREs  of  Ordinates  of  the  Photographic  Register  on  that  Day. 


1877- 

Days  of 
the 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

Month. 

I 

0-03641 

0-03455 

©•o358o 

0^03474 

0^03483 

0^03573 

0*03590 

O^o33o3 

o'o32o8 

0'o3o93 

0-02975 

2 

•o3583 

•o35 1 7 

•03573 

•03438 

•03457 

•o3538 

•03456 

•03329 

•03189 

•o3o86 

•02973 

3 

-03568 

•o3536 

•o36o5 

•03443 

•o36o5 

•o3535 

•03467 

•o335o 

•o3i6o 

•o3o77 

•02987 

4 

o^o366o 

•o3566 

•03491 

•o36oi 

•03475 

•o3639 

■03534 

•o3552 

•o33i3 

•03170 

•03069 

•02994 

5 

•03597 

•o35q5 

•03486 

•03573 

•o353i 

•o35o5 

•03528 

•o365o 

•03296 

•03167 

•o3i23 

•02982 

6 

•03607 

•o36i6 

•03485 

•03549 

•03549 

•03407 

■03481 

•03669 

•o33o4 

•03198 

•o3i82 

•o3oo2 

7 

•o363o 

•o362o 

•o35oi 

•03534 

•o35go 

•03461 

•03439 

•o3625 

•o33io 

•o3i55 

•03173 

•02986 

8 

•03670 

•o35qo 

•03492 

•03571 

•o36i7 

•o3553 

•03459 

•o3552 

•o3263 

■o3i5o 

•o3i57 

•02950 

9 

•03632 

•03623 

•o35i3 

•o35q2 

•03640 

•o36o2 

•o35i3 

•o35i7 

•o3325 

•o3i26 

•o3i32 

■02905 

10 

•o36io 

I 

-03579 

•o35o6 

•03567 

•03589 

-03648 

■o362o 

•03489 

•03334 

•o3i38 

•03093 

■02846 

(viii) 


REDrCTIOX   OF   THE    MaGXETIC   OBSERVATIONS 


Table  IX 

— Meax  Vertical  Magnetic  Foece,  expre 

ssed  in  terms  of  the  M 
1 Q  -f? 

can  Vertical  Force  foi 

the  Year, 

ifcc. — contin 

lied. 

Days  i> 

the 
Month 

January. 

February. 

March. 

April. 

JIay. 

IS77. 
Juue. 

.Tuly. 

August. 

September. 

October. 

November. 

December. 

d 
II 

0-03566 

1 
o-o356o       0^03459 

o'o3553 

o'o.?558 

0'o3683 

,  o'o36o5 

0-0343 1 

o'o3366 

o'o3l28 

o'o3o35 

0'029l6 

12 

j       '03514 

•o3568         '03517 

'o3552 

'03526 

•03693 

j     '03567 

'03482 

'03377 

'03192 

'02991 

'02908 

I3 

•035/2 

•03617    1     ^03570 

•03527 

'o352o 

'03559 

:     '03570 

•o353o 

'03416 

'o3225 

•02934 

•02870 

'4 

•o36o3 

•o3666        ^0355 1 

•o33i7 

•o3525 

•03578 

'03597 

•o3568 

•03419 

'03288 

•02984 

•02862 

i5 

•o3588 

•o36i8    '     -03510 

•03478 

•0352  2 

'03584 

'03540 

•03048 

•03348 

'o3i63 

•o3o74 

'02887 

i6 

•o363o 

•03579    ;     ^03479 

•03426 

•o35io 

•03597 

'o3520 

•03589 

•03291 

1     'o3o68 

•o3o65 

'02934 

17 

•o36o8 

•o352o         -03485 

•03468 

•03485 

•o3655 

'o3xS2 

•03536 

•03272 

'00022 

'o3oi3 

'02915 

iS 

•00619 

•03572         •00416 

■03492 

•03494 

•03688 

'03495 

•03590 

'03276 

'o3ooi 

'02996 

'02890 

'9 

•03643 

•o35i7         ^03497 

•03495 

•03474 

'  ^03700 

•03544 

•03670 

•o33i3 

•o3o66 

■02979 

'02874 

20 

•o36i5 

•03481         '03500 

•03486 

•03440 

•o365o 

•03471 

•03708 

•03198 

•o3i35 

'02957 

'02904 

21 

•o35i5 

•03491     1     ^03492 

•03480 

•03428 

•00654 

'o353o 

•03620 

•o3io5 

•o3i34 

■o3oo5 

'02924 

22 

•o35i8 

•o35o9        •o35ii 

•o35o6 

•03440 

'03643 

•03566 

•03535 

•o3i25 

•o3i32 

•02939 

•02899 

23 

■03564 

•03526        -o3528 

•03488 

'03454 

'03544 

•03633 

•03418 

•o3i58 

•03072 

•02867 

•02887 

2  + 

•03604 

•o3525        ^03565 

•03487 

•03457 

'03557 

•03577 

•03424 

•03176 

•o3io9 

•02965 

•02849 

20 

•03662 

•o35i8         ^0352  7 

•03479 

•03496 

•03564 

•035/8 

•03485 

•032  20 

•03148 

•02968 

•02852 

26 

•03594 

•o35o7        ^035/3 

•03403 

'03492 

•03588 

j     •o358o 

•03496 

•o3256 

•03164 

•02971 

•02853 

27 

•03623 

•03477        -03542 

•03416 

•03496 

•03564 

•o558o 

•o35ii 

•o32  26 

•03147 

•02960 

•02818 

28 

•o358i 

•03423    ,     ^03540 

•03440 

•03400 

'o3588 

j     ^03636 

•03496 

•03209 

•o3i29 

•02957 

•02859 

29 

•o35q4 

•03573 

•03424 

•03488 

'oo658 

•03726 

•03480 

•o3222 

•o3i52 

•02932 

•02959 

00 

•o36oo 

•o35ig 

•03423 

•0348 1 

'03688 

j     ^03741 

•03421 

•00218 

•oo2o3 

•02951 

•02923 

3i 

•03628 

•o3582 

'o3532 

1     '03791 

•03353 

•o3i52 

•02857 

Table  X.- 

—Daily Means  of  Eeadixgs  (usually  ei^ht  on  each  Day)  of  the  Thermometer  placed  on  the  box  inclosinn; 

the 

Ver 

TicAL  For 

CE  ^Iagsetometek,  for  each  Astkosomical  Dav. 

Daj-s  of 

the 
Month.  1 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

,1 

0 

g 

0 

Q 

3 

^ 

^ 

0 

^ 

0 

I 

63-3 

6i'4 

63-1 

62'5 

63'6 

66'4 

68^9 

65^7 

64^2 

63-5 

6r3 

2 

61-8 

62'3 

63'6 

63'o 

62'6 

66'7 

66^8 

65^9 

64'8 

63^o 

62^1 

3 

6i-g 

63'o 

64'5 

62'4 

67'2 

67'o 

67-4 

66^2 

64^2 

62^9 

62^1 

4 

62-6 

62^0 

6i'6 

64-4 

62'6 

67'o 

67'o 

69-1 

65'6 

64^2 

626 

62-1 

5     1 

6r6 

63^  I 

6i'8 

63'4 

62'6 

64'6 

66'9 

70^8 

65'7 

63^8 

64^0 

6. '7 

6 

6ri 

63'4 

6i'7 

63'! 

63-7 

64'! 

65'5 

7r6 

65'9 

64-8 

65^i 

62-5 

7     ' 

62^4 

63'4 

6r5 

63' 1 

64 '0 

64'6 

64*9 

7ro 

65'4 

63'9 

64'9 

6 1 '9 

8     1 

62^8 

62'8 

6 1  "9 

63-8 

64'6 

66'4 

65'o 

69^1 

64'9 

63'7 

64^2 

62'2 

9 

62^2 

63'9 

62^6 

64-2 

65'o 

67-8 

66'6 

68-5 

66'2 

63' I 

63-7 

6i-i 

10 

62^0 

63'3 

6r9 

63^4 

64'8 

68^2 

68'8 

68^5 

66'7 

63'5 

63'2 

6o-2 

1 1 

6ri 

62-0 

6o'9 

63^2 

64'3 

69^3 

68'7 

67^3 

67'5 

64'0 

6i'8 

6i-6 

12 

6o^o 

63'o 

62'4 

63^7 

64-2 

68^8 

68'3 

67^8 

67'9 

64' 2 

6i'6 

6o^9 

i3     ' 

6r5 

63^6 

63'0 

62-7 

6.)'o 

66-1 

68-5 

69^1 

68'2 

648 

6o'o 

6o^7 

"4 

6i-8 

63-8 

62'7 

62'9 

64'5 

66^5 

69^0 

69-5 

68'4      \ 

65'9 

6i'7 

6o^5 

i."> 

62^0 

63-8 

62'o 

6i'6 

64'o 

66-9 

66^9 

69'9 

66'9 

63-8 

63'7 

6r2 

16 

62^9 

63^2 

6r4 

6l'2 

63'8 

68^o 

66-7 

70-4 

65'2 

62'5 

63'3 

6rg 

■7 

62^0 

62-0 

6. '7 

62^6 

63'5 

69*5 

65^8 

69"4 

65'3 

6 1 '5 

62'7 

6r2 

18 

626 

63'2 

58-8 

62*4 

63'9 

70-1 

66-5 

707 

66'o    : 

6l'2 

6i'5 

6r4 

19 

63-1 

61-9 

621 

62^5 

64'6 

69^9 

66-7 

7r8 

65'6 

62'7 

6rg 

6ro 

20 

62-5 

6i'3 

62-4 

62'2 

63'! 

69^0 

66-3 

73^0 

63^7 

64-3 

6o^9 

6|-g 

21 

57^6 

6i'o 

6 1 '9 

62'8 

62'5 

68'9 

67^8 

7r5 

6r3 

64*4 

6f8 

62^1 

22 

58-2 

62'0 

62'2 

63'6 

62-9 

68'2 

68^5 

69'3 

622 

63'5 

6o^7 

6r8 

23 

1       6r8 

62'7 

62-8 

63'3 

62'8 

66'7 

70^2 

6-]-o 

62^7 

62-8 

59-6 

60-7 

24 

,       62-6 

62-1 

63'7 

62'8 

63'0 

67'0 

69^1 

67'5 

63^4 

63-2 

6 1^5 

6o^5 

25 

63-1 

6r9 

62'8 

62'9 

63'8 

67-2 

69*4 

68^i 

64^8 

63'7 

6r2 

6o^o 

26 

6i-6 

6i'5 

63'4 

62'0 

64'o 

67-1 

69^3 

68^8 

65'6 

63'9 

6r8 

6o^2 

27 

62^4 

6o'8 

63'9 

62'4 

63'7 

67'i 

70^0 

68'8 

64-8 

6+'7 

6i'i 

59-4 

28 

6ri 

39-8 

63'7 

62'7 

63'9 

68'i 

69-6 

69'! 

647 

63-5 

6r7 

6o'8 

29 

62^1 

64'5 

6i'8 

63'4 

69-8 

70-9 

68'6 

65'3 

63-9 

6,'4 

63-0 

3o 

62^1 

62'6 

62'2 

63'6 

70' I 

7i'3 

677 

647 

64-5 

6i'6 

6 1-0 

3i 

63^3 

64'0 

64'. 

7. '6 

66'4 

6o'6 

6o-6 

MADE  AT  THK  RoYAL  ObSERVATOET,  GREENWICH,  IN  THE  YeAR  1877. 


(ix) 


Tabx-e  XI. — Me.u?  Monthly  Determination  of  the  Vertical  Magnetic  Force,  expressed  in  terms 

of  the  Mean  Vertical  Force 

'or  the  Tear,  and  diminished  by  a  Constant  (©•96000  nearly). 

uncorrected  for  Temperature, 

at  every  Hour  of  the  Day  ; 

obtained  bj 

taking  the  Mean  of  uU  the  Determinatio 

•s  at  the  same  Hour  of  the  Day  through  each  Month. 

1877. 

lifl 

OS 

January. 

,   February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

h 
0 

o-o358i 

0^03545 

o"o3464 

©•03465 

©•03454 

©•03559 

©•©35  2  3 

©•©35o9 

©•©3242 

©•©3 1 07 

©•©3oo2 

©•02898 

I 

■03592 

•o3558 

•03483 

•03479 

•03474 

•o3582 

•©3547 

•©3533 

•©3260 

■o3i2i 

•o3©2o 

•©291 1 

2 

■o36o2 

■o3566 

•o35o5 

•o35o2 

•03496 

•o36o5 

•©3566 

•©3556 

•©3282 

•©3 1 36 

•o3o33 

•02923 

3 

•03607 

•03572 

•03523 

•o35i4 

•o35ii 

•03622 

■03584 

•03577 

•©3297 

•©3i5i 

•©3o37 

■©2926 

4 

•o36io 

•03575 

•03537 

•03526 

•03525 

■©3639 

■o36o2 

•03585 

•©33©8 

•o3i6i 

•o3o37 

•©2928 

5 

•o36i5 

•03575 

•03541 

•03537 

•o3535 

•03655 

•o36ii 

•©3588 

•o33i2 

•©3167 

•o3©46 

■02932 

6 

•03625 

•o358o 

•03539 

•03541 

■03540 

•o366i 

•©3618 

•©3588 

•o33i3 

•©3171 

•o3o52 

•02g32 

7 

•03626 

•o3583 

•03541 

•03542 

•03535 

•03664 

•©3623 

•©358 1 

■©3317 

•©3174 

•o3©55 

•02930 

8 

•03628 

•o3582 

•03543 

•03542 

•o3532 

•©3662 

•©3623 

•©3573 

•©3317 

•03173 

•©3©53 

•02927 

9 

•03627 

•03579 

•03538 

•03539 

•03529 

•o3654 

•o36i5 

•03564 

•o33i2 

•o3i68 

•©3©45 

•02923 

10 

•03624. 

•03575 

•03533 

•03537 

•o3525 

•©3636 

•©36©4 

•©3552 

•o33©5 

•©3 1 65 

•©3©4i 

•02919 

11 

•o36i8 

•03574 

•03533 

•o3538 

•o3525 

•o36i8 

•©3591 

•©3541 

•©3299 

•©3167 

•o3©4i 

•02916 

12 

•o36i2 

•o3568 

•o353i 

•03534 

•o352o 

•o36©o 

•©3579 

•©3527 

•©3291 

•©3164 

•o3©37 

•02916 

i3 

•03607 

•03565 

•03525 

•03529 

•o35i3 

•03587 

•o3568 

•o352o 

•©3287 

•©3i6i 

•o3©3i 

■02914 

14 

•o36oi 

•o356i 

•o352o 

•o35i9 

•o35o6 

•©3574 

•©3558 

•©35 1 5 

•©3278 

•o3i56 

•©3o25 

•02912 

i5 

•03598 

•03558 

•o35i4 

•o35i  I 

•o35oo 

•©3566 

•©3552 

•o35©7 

•©3271 

•©3i5i 

•©3019 

•02909 

16 

•03592 

•03554 

•o35ii 

•o35o8 

•03498 

•©356 1 

•©3545 

•o35©2 

•©3264 

•©3145 

•o3©i© 

•02905 

17 

•03589 

•03548 

•o35o7 

•o35o2 

•o35oo 

•©3552 

•©3542 

•©3496 

•©3259 

•©3 1 38 

•o3o©8 

•02901 

18 

•o3585 

•03545 

•03504 

•03496 

•03498 

•©3541 

•©3532 

•©3491 

■©3255 

•©3i3i 

•©3©o6 

•02899 

19 

•03584 

•03541 

•o35o4 

•03492 

■03495 

•©3540 

•©3526 

•03489 

•©3252 

•o3i28 

•©3oo5 

•02895 

20 

•03584 

•03538 

•03499 

'03484 

•03487 

•©3543 

•03524 

•©3488 

•03242 

•o3i24 

•o3oo5 

•02889 

21 

•03579 

•o3532 

•03488 

•03470 

•03475 

•03549 

•o3522 

•©3490 

•©3235 

•o3n5 

•02999 

•©2887 

22 

•03575 

•03524 

•03474 

"03462 

•03463 

•©3553 

•©3517 

•©3485 

•©323© 

•o3i©5 

•©2990 

•©2885 

23 

•03578 

•o352  2 

•03465 

•03455 

•03453 

■©3552 

•o35i4 

•©3485 

•©3227 

•03098 

•02984 

•02888 

Table  X 

II. — Mont 

HLY  Mean 

s  of  Read 

NGS  of  the 

Thermom 

ETER  place 

d  on  the  b 

ox  inclosin 

g  the  Vertical  Force 

M. 

ignetojiet: 

SE,  at  each 

of  the  ore 

inary  Hoi 

js  of  Obse 

rvation. 

1877. 

■gj 

Hour, 
Groonw: 
Mean  Sc 

Tirao 

January. 

Februar)-. 

March. 

April. 

May. 

Jime. 

July. 

August. 

September. 

October. 

November. 

December. 

fa 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6r9 

62^7 

62-5 

63-1 

63-7 

67^6 

68-0 

69-4 

65-5 

63^8 

62^4 

6^4 

I 

6i^8 

62-6 

62^5 

63^1 

64'o 

677 

68^3 

69^6 

65^8 

63^9 

62^6 

6i-6 

2 

62-0 

62-6 

62^6 

63-2 

64^0 

68^2 

68-6 

697 

66-1 

64^2 

62-6 

6r8 

3 

62^2 

62-6 

62-7 

63-2 

64^0 

68^i 

68^6 

697 

66^1 

64^2 

62-6 

6i-7 

9 

62^4 

62^7 

62-7 

63^4 

63-8 

67^6 

68^3 

69'o 

65^9 

64^2 

62-6 

6r3 

21 

6r6 

62-0 

61-9 

62^4 

63^3 

66-3 

6ri 

68^3 

647 

63^2 

6r9 

6o'9 

22 

6r5 

62^1 

6i-8 

62^6 

63^2 

66-7 

67-2 

68^4 

64*9 

63-1 

61 '9 

6o^8 

23 

6r4 

62-4 

62^1 

62-8 

63-3 

66-8 

67^5 

68-7 

65^1 

63^2 

6r8 

6o^9 

( 

JREEx^\^CI] 

Magnetic 

;ax  and  M 

ETEOEOLOC 

.iCAL  Obse 

RVATIONS, 

1877. 

B 

(x) 


Reduction  of  the  Magnetic  Observations 


Table  XIII. 


1877. 


January . . 
February. 
March  . . . 
April .... 

IMay 

June  .... 

July 

August  . . 
September 
October . . 
November 
December 


Mean  Vertical  Magnetic  Force  in  each 
Month,  uncorrected  for  Tempebatdee. 

Mean  Teraperatnre. 

Expressed  in  terms  of  the 
Mean  Vertical  Force 

for  the  Year,  and 

diminished  by  a  Constant 

(0-96000  nearly). 

Expressed  in  terms 

of  Gauss's  Unit 

measiu-ed  on  the 

Metrical  System, 

and  diminished  by  a 

Constant  (4-20211 

nearly). 

o*o36o2 

0'l5767 

6f8 

•03559 

•15578 

62-5 

•o35i3 

-15377 

62-3 

•ooSog 

•  1 5360 

63-0 

•o35o4 

-15338 

63-7 

•03595 

-15736 

67-4 

•o3566 

-1 5609 

67-9 

•o353i 

-15406 

69-1 

•03277 

-14344 

65-5 

•03145 

-13766 

63-7 

•o3o24 

•i3237 

62-3 

•0291 1 

•12742 

6r3 

The  unit  adopted  in  column  3  is  the  Millimetre -Milligramme-Second  Unit.   To  express  the  forces  on  the  Centimetre-Gramme-Sccond  (C.G.S.)  system, 

the  numbers  must  be  divided  by  i  o,  equivalent  to  shifting  the  decimal  point  one  step  towards  the  left. 
The  value  0-96030   of  Vertical  Force  corresponds  to  4-20211  of  Gauss's  Unit  on  the  Metrical  (ilillimetre-Milligramme-Second)  system,  and  to 

0-42021  on  the  C.G.S.  System. 


JIADE   AT   THE   ROYAL   ObSERVATORT,    GREENWICH,   IN   THE   YeAR    1877. 


(Xi) 


Table  XIV. 

— Mean,   tlirougli 

the  Range  of  Months 

,  of  the  Monthly  Mean  Deteriiinations  of  the  Diurnal   Inequalities  of 

Declination,  Horizontal  Force,  and  Vertical  Force,  for  the  Year  1877. 

{The  Results  for  Horizontal  Force  and  Vertical  Force  are  not  corrected  for  Temperature.') 

January  to  December. 

Hour, 

Greenwich  Mean 
Solar  Time. 

Inequality  of 
Declination. 

Equivalent  in  terms  of 
Gauss's  Unit  measured 
on  the  Metrical  System. 

Inequality  of 
Horizontal  Force. 

1 

Equivalent  in  terms  of 
Gauss's  Unit  measured 
on  the  Metricftl  System. 

Inequality  of 
Vertical  Force. 

Equivalent  in  terms  of 
Gauss's  Unit  measured 
on  the  Metrical  System. 

o 

+    3-57 

+  0*00187 

—  0*00049 

—  0-00088 

—  0-00032 

—  0-00140 

' 

+    4"2i 

+              2'^0 

—               22 

-             40 

—           i5 

-          66 

2 

+    378 

-f      198 

+                   I 

4-              2 

+              -3 

4-            i3 

3 

+     2-67 

+       140 

+                14 

4-           20 

4-            i5 

4-           66 

4 

+     1-59 

+            83 

+          iq 

+              34 

4-           25 

4-         109 

5 

+    076 

+            40 

-f                25 

4-           45 

4-           3i 

4-         i36 

6 

+    0-28 

+           i5 

+           3i 

4-           56 

4-           35 

4-         i53 

7 

-    0-17 

—           q 

+      34 

4-           61 

4-           36 

4-          i58 

8 

—    0-62 

32            i 

4-           29 

-t-                 52 

4-           35 

4-          i53 

9 

—    o'89 

•  -           47         I 

4-           24 

4-          43 

4-           3o 

4-          i3i 

lo 

—    i-og 

-           07         1 

4-            23 

+          41 

t         4-           23 

+         101 

II 

-    1-24 

-           65         ; 

4-           22 

4-          40 

1         4-            19 

4-           83 

12 

—      I-2I 

-           63 

4-            17 

+           3i 

!      +       12 

4-           53 

i3 

—     I -08 

-           56 

4-            i3 

+                23 

1         4-             6 

4-           26 

«4 

—    i-oi 

-           53 

+              9 

4-           16 

—              I 

-             4 

i5 

—    o"97 

-           5i 

4-             8 

4-            14 

-              7 

-           3i 

i6 

—    rog 

57 

4-           II 

4-           20 

—            12 

-           53 

17 

-    I -+6 

76 

4-           i5 

+           27 

-            16 

-           70 

18 

—     i-8o 

-           94 

4-           12 

-f           22 

—            21 

92 

19 

—     2'c5 

-         IC7 

—             5 

—              9 

-            24 

—          io5 

20 

—      2'2I 

116 

—           3i 

-          56 

-            27 

—         118 

21 

-    1-66 

87 

-           58 

—         104 

-            33 

-         144 

22 

-      0-I  + 

-             7 

-           74 

—          1 33 

39 

-         171 

23 

+     1-82 

+           95 

69 

124 

43 

-          188 

Hour, 

Mean  Readings  of  Thermometers. 

Greenwich 
Mean  Solar 

Time. 

Horizontal  Force. 

Vertical  Force. 

h 
0 
I 

64-45 
64  -55 

64-33 
64-46 

2 

64-68 

64 -63 

3 

64-72 

64-64 

9 

64-48 

64-49 

21 

63  -94 

63-63 

22 

64-00 

63-68 

23 

64-08 

63-83 

The  unit  a 

idopted  in  columns  3,  5 

,  and  7  is  the  Millim^tre-I 

lilligramme-Second  Unit.     To  express  the  inequalities  on  the  Centimetre-Gramme-Second 

(C.G.S.)  system, 

the  numbers  must  be  divi( 

ed  by  10,  equivalent  to  shifting  the  decimal  point  one  step  towards  the  left. 
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(xiv) 


Observations  of  the  Magxettc  Dip, 


Results  of  Observations 

of  Magnetic  Dii',  on  each  Day  of  Observation. 

Day 

md 

Length 

Day  and 

Length 

Approximate  Hour. 

Needle. 

of 

Magnetic  Dip. 

Observer. 

Approximate  Hour, 

Needle. 

of 

Magnetic  Dip. 

Observer. 

i8; 

Needle. 

■ 

.8.. 

Needle. 

.1      h 

0       ,      „ 

a      h 

-Tiinuary 

5.      2 

C  1 

6  inches 

67.  39.  32 

N            May             24.  2  2 

B  I 

9  inches 

67.37.25 

N 

i3.    I 

D  I 

3      ,. 

67.43.    7 

N                                20.    0 

C  I 

6      „ 

67.  38.  36 

N 

iq.     2 

C2 

6      ,. 

67.42.  17 

N                                       25.     3 

B  I 

9      >. 

67.37.41 

N 

20.      I 

B  I 

9      V 

67.  40.  26 

N                             3i.    2 

C  I 

6     „ 

67.41.    2 

N 

23.     o 

Ci 

6     „ 

67.  41.  20 

N 

23.      2 
23.  22 

C  2 

D2 

6      ,. 
3      „ 

67.  42.  i5 
67.  43.  10 

N 
N 

.June             8 
8 

0 
2 

C2 
Di 

6      „ 

3      „ 

67.  40.  34 
67.  40.  17 

N 
N 

23.  23 

D  1 

3      ,, 

67.41.57 

N 

'•5 

2 

D2 

3      „ 

67.  39.  36 

N 

24.    3 
3o.    0 

D2 
B2 

3      „ 
9     " 

67.  40.  53 
67.38.47 

N 
N 

•9 
20 

2 
0 

B2 

B  I 

9     .. 
9      " 

67.39.    9 
67.37.33 

N 

N 

3o.  23 

C  I 

6     „ 

67.  40.  21 

N         1 

20 

2 

C2 

6     „ 

67.  37.  3S 

N 

3l.    c 

B  I 

9     " 

67.39.  28 

N         ' 

22 

2 

C  I 

6     ,, 

67.  40.  43 

N 

3i.    2 

C  2 

6     „ 

67.+;.  21 

N         ' 

27 

0 

B2 

9     " 

67.  40.    8 

N 

February 

3.    1 

D2 

3      „ 

67.  43.  46 

N 

27 

3o 

0 

B  1 

C2 

9      " 
6     „ 

67.  40.  33 
67.  40.  25 

X 

N 

q.     2 

D  I 

3      „ 

67.41.45 

N 

3o 

2 

C  I 

6     „ 

67.38.  i3 

N 

14.      2 

B  2 

9      .' 

67.41.37 

N 

16.     2 

Ci 

6      „ 

67.  40.  36 

N 

21.2 

B  I 

9            !! 

67.  41.  20 

N 

July              4.22 

Di 

3            5, 

67.  3g.  40 

N 

22.      0 

D  I 

3      ., 

67.41.22 

N 

5.    0 

D2 

3      „ 

67.  3g.  5i 

N 

22.      2 

D2 

3      ., 

67.43.    8 

N 

5.    I 

C  2 

6      „ 

67.  09.  48 

N 

22.  22 

B2 

9            !. 

67.  38.  1 1 

N 

5.    3 

Di 

3      ., 

67.37.  14 

N 

23.     0 

C  2 

6     „ 

67.  40.  53 

N 

7-    2 

C  I 

6      „ 

67.  38.  52 

N 

28.      2 

Bi 

9      V 

67.  38.  3o 

N 

10.    0 
17.    2 

B2 
Di 

9      ,. 
3      „ 

67.41.     I 
67.38.  20 

K 
N 

.March 

7.      2 

C  I 

6     „ 

67.  38.  46 

N 

25.    0 

B  I 

9      » 

67.37.44 

N 

i3.    2 

B2 

9      " 

67.  S6.  42 

N 

20.    2 

B2 

9      » 

67.36.26 

X 

1 5.    2 

B  I 

9     1. 

67.37.50 

N 

26.  22 

B  2 

9      » 

67.38.47 

N 

17.    0 

B2 

9     ,> 

67.  38.  3i 

N 

27.    I 

C2 

6      ., 

67.  40.  1 2 

N 

17.    1 

Di 

3      „ 

67.41.42 

N 

27.    3 

D2 

3      „ 

67.41.  17 

\ 

23.    2 

C  I 

6      „ 

67.41.  i5 

N 

3o.  23 

B2 

9      ., 

67.  40.  58 

N 

23.    3 

D2 

3      „ 

67.  44.  59 

N 

3i.    3 

Di 

3      ,. 

67.  38.  44 

N 

27.    I 

Di 

3     „ 

67.41.    4 

N 

27.    2 

D2 

3      „ 

67.  40.  3o 

X 

August        3.    2 

B  I 

9      V 

67.38.43 

N 

28.    0 

B  1 

9      •• 

67.  39.  35 

N 

14.    I 

C2 

6     „ 

67.  39.  20 

N 

28.    2 

C2 

6      „ 

67.  40.  41 

N 

14.    2 
16.23 

Di 
C  I 

3      „ 
6      „ 

67.  3q.  5l 
67.38.  22 

N 
X 

April 

6.    0 

C2 

6      „ 

67.40.    9 

N 

21.    1 

B2 

9      » 

67.  39.  5o 

N 

7-    I 

Di 

3      ,. 

67.41.58 

N 

22.    2 

D2 

3     „ 

67.41.41 

N 

14.    2 

D2 

3      „ 

67.  40.  43 

N 

23.     2 

C2 

6      „ 

67.40.57 

X 

20.    0 

Bi 

9      .. 

67.  3q.  11 

N 

23.23 

B  I 

9     ., 

67.  39.  16 

N 

20.    2 

C  I 

6     „ 

67.  38.  53 

N 

28.23 

B  I 

9      „ 

67.  38.  5o 

N 

20.    0 

B  2 

9      » 

67.38.50 

N 

29.    0 

C  I 

6      „ 

67.  40.  52 

N 

25.    2 

C  2 

6     ., 

67.39.33 

N 

3i.    0 

D  I 

5      „ 

67.  39.  25 

N 

26.  22 

C  I 

6     „ 

67.  3q.  52 

N 

3i.    2 

D2 

3      „ 

67.40.    9 

N 

27.    0 

D2 

3      „ 

67.  43.  42 

N 

27.    3 

C  I 

6      „ 

67.  38.  46 

N 

September  7.    0 

02 

6      „ 

67.  3q.  16 

N 

3o.    2 

D  I 

3      „ 

67.  38.  43 

N 

7.    2 
14.    2 

D2 
B2 

3     „ 
9      » 

67.  40.  37 
67.40.  19 

N 
N 

.May 

4.    3 

B2 

9      .. 

67.  40.    5 

N 

19.    0 

B  I 

9      ,. 

67.  40.  3o 

N 

8.    0 

C2 

6      „ 

67.42.  19 

N 

21.    0 

C  I 

6      „ 

67.  3g.    0 

N 

8.    2 

Di 

3      „ 

67.  40.  43 

N 

21.     2 

Di 

3      „ 

67.  40.  23 

N 

22.  22 

Bi 

9      V 

67.41.    2 

N 

25.22 

02 

6      „ 

67.41.    6 

N 

23.      I 

B2 

9      ,> 

67.  36.  53 

N 

25.  23 

0  I 

6     „ 

67.  40.    5 

N 

23.    2 

C  1 

6      „ 

67.37.    8 

N 

26.      1 

B   2 

9     .. 

67.  36.  46 

N 

24.    I 

C2 

6      „ 

67.  40.  22 

N 

26.    3 

O2 

6     ,, 

67.  39.  25 

N 

24.    2 

D2 

3      „ 

67.  41.  23 

N 

28.    0 

D2 

•5      „ 

67.  40.  49 

N 

Tlu'  initials  K  :ind  N  ; 

If  tliosf  of  Mr.  Ellis  and  Mr.  Nasi) 

respectively. 

AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1S77. 


(XV) 


Results  of  Observations  of  Magnetic  Dip,  on  each  Day  of  Observation — continued. 

Day  and 

Length 

Day  and 

Length 

Approximate  Hour, 

Needle. 

of 

Magnetic  Dip. 

Observer. 

Approximate  Hour, 

Needle. 

of 

Magnetic  Dip. 

Observer. 

1877. 

Needle. 

1877. 

Needle. 

d 

h 

0      <     ,1 

d      h 

0       ,      „ 

t)ctobei-       6. 

0 

1)1 

3  inches 

67.37.35 

N 

November  28.    2 

C  I 

6  inches 

67.38.  10 

N 

'7- 

0 

B  1 

9      " 

67.  37.  5o 

N 

29.  22 

B  I 

9      >' 

67.  37.  3o 

N 

'7- 

2 

C  1 

6      ,. 

67.  39.  5q 

N 

3o.    0 

B2 

9      .. 

67.37.  39 

N 

19. 

I 

C2 

6      ., 

67.  39.  33 

N 

3o.    3 

B  I 

9      » 

67.  35.  49 

N 

•9- 

2 

D2 

3      „ 

67.  4.0.  20 

N 

26. 

I 

Di 

3      „ 

67.  40.  40 

N 

December    8.    1 

D2 

3      „ 

67.  39.  28 

N 

3o. 

0 

B  2 

9      " 

67.  36.  i3 

N 

11.23 

D  I 

0      „ 

67.  40.  45 

N 

3i. 

0 

B  2 

9      » 

67.  35.  3o 

N 

12.    I 

C  I 

6      „ 

67.  38.  59 

N 

3i. 

I 

B  I 

9      .. 

67.  36.  5q 

N 

i3.    I 

B  I 

9      ., 

67.38.20 

N 

3i. 

2 

C  2 

6      „ 

67.38.  i5 

N 

i3.    2 

17.    2 

D  I 

D2 

0      „ 
3      ,, 

67.  40.  18 
67.39.  21 

N 

N 

iNovember    8. 

1 

B  I 

9      .. 

67.38.  23 

N 

18.    2 

D  I 

3      „ 

67.  37.  35 

N 

8. 

2 

D2 

3      „ 

67.  40.  14 

N 

24.    2 

C2 

6     „ 

67.  38.  59 

N 

14- 

I 

C  I 

6      „ 

67.39.    4 

N 

26.    0 

B  2 

9      ,> 

67.  36.  53 

N 

19. 

23 

B  2 

9      " 

67.  40.  2  1 

N 

26.  22 

D2 

3      „ 

67.38.31 

N 

20. 

2 

D2 

3      „ 

67.  40.  42 

N 

27.    0 

D  1 

3      „ 

67.  36.  35 

N 

26. 

2 

C  2 

6      „ 

67.  37.  iq 

N 

27.    2 

Bi 

9      » 

67.  36.  55 

N 

27. 

1 

B  2 

9            !, 

67.38.     2 

N 

27.    3 

D2 

3      „ 

67.38.    8 

N 

27. 

2 

Di 

3      „ 

67.40.47 

N 

28.    I 

C  I 

6     „ 

67.37.38 

N 

27. 

23 

C  2 

6      „ 

67.  40.  46 

N 

The  initial  N  is  that  of  Mr.  Nash. 


(xvi) 


Monthly  and  Yearly  Means  of  Magnetic  Dips, 


Monthly  Means  of  Magnetic  Dips. 

Month, 
1877. 

'                  Bi, 
'         9-inch  Needle. 

Number 

of 

Observations. 

B  2, 
9-inch  Needle. 

Number 

of 

Observations. 

Ci, 

6-inch  Needle. 

Number 

of 

Observations. 

67.39.57 
67.  39.  55 
67.  38.  43 
67.39.  II 
67.  38.  40 
67.  39.    3 
67.37.44 
67.38.56 
67.  40.  3o 
67.  37.  25 
67.37.14 
67.37.37 

2 
2 
2 

1 
3 
2 
I 
3 
1 
2 
3 
2 

67.38.47 
67.39.54 
67.  37.  37 
67.  08.  5o 
67.  38.  29 
67.39.39 
67.39.  18 
67.39.50 
67.38.02 
67.  35.  52 
67.08.  41 
67.  36.  53 

I 

67.40.  24 

3 
I 
2 

3 
3 

2 
I 
2 
2 
I 
2 
2 

2    '         !l          67. 40. 36 

2 

I 
2 
2 

4 
I 

2 
2 
3 

1 

67.  40.     1 
67.  3g.  10 
67.  38.  55 
67.  39.  28 
67.38.52 
67.  39.  37 
67.  3q.  33 
67.  39.  59 
67.  38.  37 
67.38.  18 

July 

Means 

67.38.38 

Sum 
24 

67.  38.  36 

Sum 

23 

67.  09.  25 

Sum 
24 

Month, 
1877. 

C  2, 
6-inch  Needle. 

Number 

of 

Observations. 

Di, 

3-inch  Needle. 

Number 

of 

Observations. 

D2, 
3 -inch  Needle. 

Number 

of 

Observations. 

67.  41.  58 
67.  40.  53 
67.  40.  41 
67.39.51 
67.  41.  21 
67.39.31 
67.  40.     0 
67.40.     9 
67.39.56 
67.38.54 
67.39.     2 
67.38.59 

3 

I 

2 

2 

3 
2 
2 
3 
2 
2 
I 

67.42.32 
67.41.34 
67.41.  23 
67.  40.  21 
67.  40.  43 
67.40.  17 
67.38.30 
67.39.38 
67.  40.  23 
67.39.    7 
67.40.47    , 
67.  38.  48 

0      ,      „ 
2                           67.42.    2 
2                                 67.  43.  27 
2                                 67.  42.  45 
2                                 67.  42.  10 

I            !           67. 41. 20 
I                          67.  3q.  36 

2 
2 
2 

2 
I 
1 
2 
2 
2 

2 
4 

July 

4 
2 
1 

2 

I 
4 

67.  40.  34 
67.  40.  55 
67.  40.  43 
67.  40.  20 
67.  40.  28 
67.  38.  52 

September 

October   

November  

Means 

67.40.    8 

Sum 
24 

.                                    Sum 
67.40.     I                        2^ 

67.41.    0 

Sum 

23 

In  combining  the  monthly  results,  to  form  the  annual  means,  weights  have  been  given  proportional  to  the  number  of  observations. 
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Yeakly  Mk^vns  of  Magnetic  Dips  for  each  of  the  Needles,  and  General  Mean  for  the  Year  1877. 


Lengths  of  the 

several 
Sets  of  Needles. 


g-inch  Needle? 


6-inch  Needles 


3-inch  Needles 


Number  of 

Observations 

with  each 

Needle. 


Mean  Yearly  Dips 

from 

Observations  with 

each  Needle. 


B  1 
B2 

C  I 
C  2 

D  I 
D2 


H 

23 

24 
24 

2+ 


67.38.38 
67.38.36 

67.  3g.  25 
67.  40.    8 

6y.  40.    I 
67.41.    o 


Mean  Yearly  Dips 

from  each 

Set  of  Needles. 


67.38.37 


67.39.47 


67.  40.  3o 


Mean  Yearly  Dip 

from  all  the 
Sets  of  Needles. 


>     67.  39.  38 


Eesdlts  of  Observations  of  Magnetic  Dip  at  the  Hours  of  Observation  9''.  a.m.  and  3K  p.m. 


Month  and  Day, 
18-7. 

Needle. 

Length 

of 
Needle. 

Magnetic  Dip. 

Excess  of  the  Magnetic 

Dip  at  9".  a.m. 

over  the  Magnetic  Dip 

at  3".  p.m. 

At  9''.  a.m.+ 

At  3''.  p.m.  + 

January        24 

D2 

3  inches 

67.  43.  10 

67.  40.  53 

+      2.  17 

April            27 

Ci 

6       „ 

67.39.  52 

67.  38.  46 

+     I.    6 

May             25 

Bi 

9       " 

67.37.  25 

67.37.41 

—     0. 16 

July               5 

Di 

3       „ 

67.  3g.  40 

67.37.  14 

+     2. 26 

September   26 

C2 

6       „ 

67.41.    6 

67.  09.  25 

+     1.4' 

Novemljer    3o 

B  I 

9       ', 

67.  37.  3o 

67.  35.  49 

+      1.4' 

December    27 

D2 

3       „ 

67.  38.  3i 

67.38.    8 

-1-     0. 23 

Mean |                           .... 

-1-      1. 20 

Greexwich  Magnetical  and  Meteorological  Observations,  1877. 


ROYAL  OBSERVATORY,   GREENWICH. 


OBSERVATION  S 


DEFLEXION    OF    A    MAGNET 


ABSOLUTE    MEASURE 


HORIZONTAL     FORCE. 


1877. 


C  2 


(sx)     Observations  axd  Cojcptttations  of  Deflexion  of  a  Magnet  for  Absolute  Measure  of  Horizontal  Force, 


Abstract  of  the  Observations  of  Deflexion  of  a  Magnet  for  Absolcte  Measure  of  Horizontal  Force. 

Month  and  Day, 
1877. 

Distances 

of 
Centers 

of 
Magnets. 

Temperature. 

Observed 
Deflexion. 

Mean  of  the 
Times  of  Vibration 

of 
Deflecting  Magnet. 

Ntmiber 

of 

Vibrations. 

Temperature. 

1 
1 

1 
January              3o                 i 

0 

3 

5o-i 

II.    9.43 
5.    3.35 

5-565 
5-570 

100 
100 

5 1  -9 

00-8 

N 

February              27     '              i 

0 
3 

4.-6 

11.    9.32 
5.    3.  40 

5-564 
5-562 

100 
100 

43-1 
41  -I 

N 

March                   29 

1 
I 

0 
3 

56  -3 

II.    7.  5o 
5.    2.47 

5-576 
5  -563 

100 
100 

54  -3 

55  -7 

N 

April                     27     '              1 

0 
3 

5i-9 

II.    9.  12 

5.    3.  34 

5-567 
5-56o 

100 
100 

52  -0 
52-4 

N 

May                      00                   I 

0 
3 

647 

II.    7.20 
5.    2.  So 

5  -573 
5  -575 

100 
100 

65  -I 
66-3 

N 

.TuiK'                            26                        I 

0 
3 

69-3 

II.    5.  18 
5.    1.32 

5  -576 
5  -570 

100 
100 

68-6 
69-8 

N 

July                      26 

I 

I 

0 
3 

68-8 

II.    4.26 
5.    I.  10 

5-572 

5-574 

ICO 

100 

68-3 

70-1 

N 

August                 00     '              I 
I 

0 
3 

67  -o 

II.    4.  53 
5.    1.  29 

5-583 
5-579 

100 
100 

67-1 

67-7 

K 

September           2  8                  1 
I 

0 
3 

62  -9 

II.    4.45 
5.    I.  20 

5  -58o 
5  -58i 

100 
100 

63-1 
63-6 

N 

October                 3o                    I 
I 

0 
3 

58-7 

II.    4.29 
5.    I.  17 

5-584 
5-582 

100 
100 

59  -3 
09-9 

N 

November           29                  i 

I 

0 
3 

47-2 

II.    4.36 
5.    1 .  34 

5-579 

5-577 

100 
100 

47-9 
47  7 

N 

December            28                  1 
I 

1 

0 
3 

'5:    til 

5-572                          100 
5-576                         100 

1 

39-0 
41  -3 

N 

The  position  of  the  Deflecting  Magnet  with  regard  to  the  su.spended  Magnet  is  always  that  which  was  formerly  termed  "Lateral."     The  Deflecting  Magnet 
is  placed  on  the  East  side  of  the  suspended  Magnet,  with  its  marked  pole  alternately  E.  and  W.,  and  it  is  placed  on  the  West  side  with  its  pole  alternately  E. 
and  W.  ;  and  the  deflexion  in  the  table  above  is  the  mean  of  the  four  deflexions  observed  in  those  positions  of  the  magnets. 

The  lengths  of  i  foot  and  1-3  foot  answer  to  304-8  and  396-2  millimetres  respectively. 

The  initial  N  is  that  of  Mr.  Nash. 

In  the  following  calcnlations  ever;  observation  is  reduced  to  the  temperature  33°. 

AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1877. 
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CoMPCTATioN  of  the  Values  of  Absolute  Measure  of  Horizontal  Force  in  the  Year  1877. 


Month  and  Day, 
1877. 


In  English  Measure. 


Apparent 

Value 

of 

A,. 


Apparent 

Value 

of 

A,. 


Apparent 

Value 

of 

1'. 


Mean 
Value 

of 

P. 


Log- 


Adopted 

Time 

of 

Vibration 

of 
Deflecting 
Magnet. 


Value 
of 
X. 


Value 
of 


Value 
of 
X 

in  Metric 

Measure. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Means . 


0-09702 


28 


29 


o'09686 
0*09698 
0-09694 
0-09671 
0-09658 
0-09661 
o-og652 
0-09642 
0-09625 
0-09621 


0-0971 1 
0-09700 
0-09695 
0-09713 
0-0971 1 
0-09677 
0-09665 
0-09672 
0-09660 
0-09651 
0-09641 
0-09631 


—0-00209 
— o-oo338 
—0-00243 
— o-oo384 

— 0-00440 

—  0-OOI52 

—0-00175 
— 0*00259 
-0-00197 
— 0-00248 
—0-00429 
—0-00243 


>-o-oo276 


•98802 

1-98740 
1-98730 

'•98797 
1-98783 
1-98657 
1-98600 
1-98622 
1-98577 
1-98532 
1-98471 
1-98440 


5-5675 
5-5630 
5-5695 
5-5635 
5-5740 
5-5700 
5-5730 
5-58 10 
5-58o5 
5-5830 
5-5780 
5-5740 


0-16923 
0-16935 
0-16928 
0-16994 
0-16928 
0-16954 
0-16970 
0-16887 
0-16799 
0-16732 
0*16730 
0*16735 


3-896 
3-899 
3-899 
3*899 
3-897 
3*904 
3-907 
3-902 
3-900 
3-899 
3-go2 
3-904 


3*901 


0-3790 
0-3788 
0-3787 
0-3793 
0-3789 
0-3785 
0*3783 
0*3780 
0*3775 
0*3770 
0*3767 
0*3766 


1*796 
1*798 
1*798 
1*798 
1*797 
1-800 
i-8oi 
1-799 
1-798 
1-798 

>799 
i-8oo 


1799 


The  value  of  X  in  column  9  is  referred  to  the  unit  Foot-Grain-Second,  and  that  in  column  1 1  to  the  unit  Millimetre-Milligramme-Second.  To  obtain  X 
in  the  Centimetre-Gramme-Second  (C.G.S.)  unit,  the  value  given  in  column  11  must  be  divided  by  10,  equivalent  to  shifting  the  decimal  point  one 
step  towards  the  left. 
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Daily  Results  of  the  Metkorological  Observations 


MONTH 
and 
DAT, 

1S77. 


TEMPEKAXrBE. 


Daily 
BiangG. 


Mean 
of  24 
HoiirLv 
Values. 


Excess 
of  Mean 

above 
Average 


Meat! 

of  24 
Hourly 
Values. 


Of  the 
Dew 
Point. 


De- 
duced 
Mean 
Daily 
Value. 


Dillerence  between 

the  Air  Temperature 

and  Dew  Point 

Temperature. 


Mean 
Daily 

Value. 


Greatest  Least 
of  24  of  24 
Hourly  !  Hourly 
Values.    Value; 


Tempeeatuee. 


cs.|gga    Sm_ 

"^    p  s  s 
—  —  ^.c  a 


Of  tbe  Water 
of  the  Thames 
off  Greenwich 


Jan. 


In  Equator 
Last  Qr. 


New 
Apogee 


28-843 
29-444 
29-307 

29-018 
29-004 
29-03S 

29-045 
29-029 
29-620 

29-780 
29-512 
29-674 

29-875 
29-601 
29-819 


00-4 
42-0 
00-7 

5i-2 

32-5 

00-7 

02-1 
50-9 

52-5 

46-0 
43-4 
06-4 

42-1 

43-4 


29-910  01-3 
29-705  5i-| 
29-649   5i-o 


19  In  Equator 


3i 


Means 


Numbcrof 
Column  for 
Reference 


First  Qi-. 


29-6 

3o-i8o 

30-451 

30-429 
3o-2i8 
29-972 

29-649 

29- 

30-007 

29-861 

29-859 
29-459 

29-846 


29-668 


56-1 
46-6 
49-0 

447 
47"2 
45-8 

5i-8 
41-5 
47-5 

5 1 -7 

49'4 
47-6 

42-7 


42-0 
35-3 

3/7 

46-7 
43-6 
40-4 

44"9 
44-6 

41-0 

35-8 
36-4 
28-5 


00-9 
37-5 
35-5 


41-0 
42-5 
39-0 

47'4 
.H-5 
27-7 


3o-5 
29  ' 


11-4 
6-7 
i3'o 

4-5 
8-9 
10-3 


7-2 
6-3 
II -5 


10-2 
7-0 

7'9 

1 1-2 
1 1-7 

7*9 

9-8 
8-6 

12-0 

8-7 
12-1 
21-3 


14-2 
17-9 

2-6     i3-2 


04-0 

51-7 
28-8 

35-5 
34-5 
37-0 

33-7 


48-1     36-8 


9-8 
18-7 

1 6-2 

14-9 
10-6 

9-0 


49"9 
38-6 
45-8 


49' ' 
47-0 
46-0 

48-7 
48-6 
47-5 

42-0 

38-q 


36-5 

447 
39-8 

47-0 
48-9 
45-6 

5i-7 
43-1 

38-2 

365 
38-0 
40'9 

42-2 
36-6 
39-1 

43-0 
41-4 
42-6 

38-7 


42-9 


5         6 


4-11-8 
4-  0-7 
4-  8-0 

4-11-4 
4-  9' 4 
4-   8-4 

4-1I-I 

4-  lO-q 
4-   9-« 

4-  4-2 
4-  i-o 
-  5-6 


4-  6-4 
4-    '-4 

4-  8-3 
4-10-3 
4-   6-8 

4-12-8 
4-   4'o 


-  0-0 

-  1-6 
4-  1-2 

4-  2-4 

-  3'3 

-  0-9 

4-  2-9 

4-  1-2 

4-  2-3 

-  «7 


470 
37-3 
44'9 

47-9 
45-0 
44-5 

46-3 
48-0 
46-6 

41-9 
37-9 

32-0 
35-0 

44-2 

37-5 

40-7 

48-3 

44'9 

49'9 
41-8 

37-2 


44-9 
35-5 

43-9 

46-6 
42-8 
42-8 

437 
47-3 
45-6 

41-8 
36-6 
3i-o 

32-9 
43-6 
34-3 

44-3 

477 
44-1 

48-2 
40-2 
35-8 


4-   4-> 


35-6  34-4 
34-8  30-4 
38-1     34-6 


4.0-9 
34-5 
38-4 

41-0 
38-5 

40-2 

36-7 


41-4 


09-0 
3i-5 
37-5 

38-6 

34-9 

34-0 


39-6 


3-6 
i-i 
5-3 

2-7 

1-2 

1-5 

3-5 

2-9 
2-4 


7-6 
6-3 

2-9 
5-1 
1-6 


4"4 
6-5 


47 


lO'O 

6-8 
5-6 

4' 
7-5 
6-7 

9-6 
4-6 
5-6 


3-8 
4-8 

7-5 
2-8 
9-2 


8-4 
6-4 
8-4 

5-5 

14-9 


6-4 

97 
6-5 

1 1 -6 


2-1 
0-5 
o-o 


0-7 


Q-O 

O-O 

0-0 

0-9 

0-0 

0-8 

o-o 

0-7 

0-0 
0-0 

O'O 

0-4 

0-0 
0-0 

0-0 
0-0 
o"9 

ro 
1-0 
0-0 

0-0 
2-6 


07 


0-6 


62-L) 
66-3 
55-3 

56-2 

77'9 
53-3 

80-1 
53-2 
76-0 

48-7 
43-4 

37-0 

62-9 
53-0 
59"4 

77-2 
55-6 
53-0 

58-6 
5 1-3 

82-6 

69-0 
88-2 
63-9 

54-4 
56-5 


66-0 
70-7 

747 

5i-5 


61-6 


42-0 
34-2 
36-6 

42-0 
38-1 
35-0 

41-0 
41-0 

37-0 

33-4 
36-0 

24-5 

3o-8 
36-2 
3o-8 


oo'9 
38-5 
35-0 

41-8 
3o-6 
25-4 


27-9 

29-8 
27-2 
23-1 


28-8 
3o-o 


26-0 


44-0 
46-9 
48-3 

466 
46-3 
46-3 

46-3 
46-3 
46-3 

47-1 
46-3 
45-1 

42-3 

40-3 
42-5 

41-5 

42-8 
45-3 

46-3 
48-3 
48-3 

47-3 
45-8 
44-5 

42-3 
41-8 
41-3 

41-1 
41-3 
41-3 

42-3 


42-0 

447 
45-3 

44-3 
44-8 
44-0 

44-1 
44-3 
44-8 

45-3 
44-3 
42-1 

39-5 
39-1 
39-5 

40-3 
40-3 
418 

43-3 
45-3 
45-8 

44-8 
42-5 
41-5 

39-3 
39-5 
39-3 

58-9 
39-1 
39-3 


44*6     42-3    0-6 


16 


07 
o-o 
0-0 

0-0 
1-3 
0-0 

0-3 

0*0 

o-o 

o-o 
0-0 

o-o 

1-0 

0-0 

0-8 

0-0 
0-0 
0-0 

0-0 
o-o 
3-1 

0-4 
5-4 

2-3 

O'O 

0-0 

O'O 

o-o 
1-6 


iS      19 


O'l  19 

0-3 1 6 

0-267 

0-280  5-5 
o-o65  5-5 
0-235  17-5 


o-oog 
0-536 


0-004 
0-320 

0-000 

0-000 
0-276 
0-010 

0-000 
0-043 
0-023 

0-042 
0-000 
0-000 

0-000 
0-000 
0-070 

0-299 
o-ooo 
o-o32 

0-022 
0-009 
o-i  16 

O'l  65 


12- 


4"-547 


The  results  apply  to  tbe  civil  day,  excepting  these  in  Columns  16  and  1 7,  which  refer  to  the  24  hours  ending  g""  a.m.  of  the  day  against  which  the  readings  are  placed. 

The  mean  reading  of  the  Barometer  (Column  2)  and  the  mean  temperatures  of  the  Air  and  Evaporatiou  (Columns  0  and  8")  are  deduced  from  the  photographic  records.  The 
average  temperature  (Colunm  7)  is  that  determined  from  the  reduction  of  the  photographic  records  from  1S49  to  1868.  The  temperature  of  the  Dew  Toint  (Column  9) 
and  the  Degree  of  Humidity  (Cohimn  13)  are  deduced  from  the  corresponding  temperatures  of  the  Air  and  Evaporation  by  means  of  Glaishcr's  Hygrometrical  Tables. 
The  mean  difference  between  the  Air  and  Dew  Point  Temiieratures  (Column  10)  is  the  difference  between  the  numbers  in  Columns  6  and  9,  and  the  (Jreatest  and  Least 
Differences  (Columns  1 1  and  12)  are  deduced  from  the  24  hourly  pliolographie  measures  of  the  Dry-bulb  and  Wet-bulb  Thermometers.  The  results  on  January  22  for 
the  IJarometer,  on  January  6,  16,  21,  and  30  for  Air  Temperature,  and  on  January  5,  6,  16,  ami  21  for  Evaporation  Temperature,  depend  partly  on  values  inferred  from 
eye-observations,  on  account  of  accidental  loss  of  photographic  register. 

The  values  given  in  Columns  3,  4,  s,  14,  15,  16,  and  17  are  derived  from  eye-readings  of  self-registering  thermometers. 

The  mean  reading  of  the  Baromiter  forthe  month  was  29'"-f)68,  being  o'"-o6i  lower  than  the  average  for  the  20  years,  1854-1873. 
Tejipiikatitrk  op  the  Aik. 

The  highest  in  the  month  was  56'- 1  on  January  19  ;  the  lowest  in  the  month  was  i?"'?  on  January  2i  ;  and  the  range  was  28°-4. 

The  mean  of  all  the  highest  daily  readings  in  the  month  was  48^- 1,  being  4°-  7  hitjher  than  the  average  for  the  36  years,  1841-1876. 

The  mean  of  all  the  lowest  daily  readings  in  the  month  was  3f>°-8,  being  3°- 1  hiyher  than  the  average  for  the  36  years,  1841-1876. 

The  me.in  daily  range  was  ii°-3, being  i°-6i/rra(CT- thim  the  average  forthe  36  years,  1841-1876. 

The  mean  for  the  month  was42''-9,  bemg  4°m  higher  than  the  average  for  the  "20  years,  1849-1868. 
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Wind  as  deduced  from  Selp-keoisteeing  Anemometees. 
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[■the  aver.ige  for  the  20  years,  1849-1868. 


The  mean  Temperature  of  Evaporation  for  the  month  was  4i°'4,  being  4'''o  higher  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  39°'6,  being  4°'2  higher  than 

The  mean  Degree  of  Humidity  for  the  month  was  88'  7,  being  1-4  greater  than 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'"  ■  243,  being  o'"  "036  greater  than 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  2''"'"8,  being  oS"4  greater  tlian  I 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  547  grains,  being  5  grains  less  than  J 

The  mean  amount  of  Cloud  for  tlie  month  (a  clear  sky  being  represented  by  o  and  an  overcast  sky  by  10)  was  6 '8. 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  O  was  o' 07.    The  maximum  daily  amount  of  Sunshiyie  was  J '4  hours  on  January  23. 

The  iiighest  reading  of  the  Solar  liadialion  Thermometer  was  88° '  2  on  .January  23  ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  2,v  " '  on  January  27. 

The  moan  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  g  a.m.,  3-0  ;  for  the  six  hours  ending  3  p.m.,  o"8  ;  and  for  the  six  hours  ending  9  p.m.,  o-6. 

The  Proportions  of  H'ln;/ referred  to  the  cardinal  points  were  N.  2,  E.  2,  S.  15,  and  W.  11.     One  day  was  cairn. 

The  Greatest  Pressure  of  the  Wind  in  the  month  was  24"" 'o  on  the  square  foot  on  Jan.  30.     The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was  370  miles  ; 

the  greatest  daily  value  was  893  miles  on  January  30  ;  and  the  least  daily  value  108  miles  on  January  12. 
Ttain  fell  on  23  days  in  the  month,  amounting  to  4""347,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground  ;  being  2'""  269  greater  than  the  average 

fall  for  the  36  years,  1S41-1876. 


Gkeeswicu  Magsetical  and  Meteorological  Observations,  1877. 
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Daily  Results  of  the  Meteorological  Observations 
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22 

The  results  apply  to  the  civil  day,  excepting  tliosc  in  Coliimus  16  and  17,  which 

refer  to 

the  24  hours  ending  9''.  a.m.  of  the  diiy  against  which  the  readings  are  placed. 

The  mean  reading  of  tho  Barometer  (Column  2)  and  the  mean  temperntiires  of  tl 

le  Air  a 

ud  Evaporation  (Cohmins  6  and  8)  arc  deduced  from  the  photographic  records.     The 

average  temperature  (Cohimu  7)  is  that  determined  from  the  reduction  of  t 

le  phot 

igraphic  records  from  1S49  to  1S6S.     The  temperature  of  the  Dew  Point  (Columi 

9) 

and  the  Dtpree  of  Humidity  (Column  13;  are  deduced  from  the  correspom 

ing  ten 

aperatures  of  the  Air  and  Evaporation  by  means  of  Glaisher's  ITy'irometrieal  Tables. 

The  mean  differcuce  between  the  Air  and  Dew  I'oint  Temperatures  (Colum 

a  10)  is 

the  difference  betwein  the  numbers  in  Columns  6  and  0,  and  the  Greatest  and  Least 

Differences  (Columns  11  and  12)  are  deduced  from  the  24  hourly  photo>.Ta 

hie  measures  of  the  Dry-bulb  and  Wet-bulb  Thermometers.     The  results  on  February  i 

for 

Air  and  Evaporation  Temperatures  depend  partly  on  values  inferred  from  ej 

c-obscrvations,  on  account  of  accidental  loss  of  photographic  register. 

The  values  given  in  Columns  3,  4,  5,  14,  15,  16,  and  17  arc  derived  from  eye-rca 

dings  0 

;  self-registeriug  thermometers. 

The  mean  reading  of  the  Itaromctcr  for  the  month  was  29'»-752,  being  o"''o8o  / 

vcrr  th 

m  the  average  for  the  :o  year.-;,  1854-1873. 

Tempeuatoke  of  Tin-;  Ajk. 

The  highest  in  the  month  was  59  •  1  on  February  7  j  the  lowest  in  the  mont 

1  was  2 

4-'-  7  on  February  28 ;  aud  the  ranire  was  34"^- 4. 

The  mean  of  all  the  highest  daily  readings  in  the  month  was  49°'  2,  being  3° 

•8  liii/hcr  than  the  averagefor  the  36  years,  1841-1876. 

The  mean  of  all  ihe  lowest  daily  readings  in  the  month  was  .^8°-3,  being  4° 

2  llM/lu 

r  than  the  average  for  the  36  years,  1841-187O. 

The  mean  daily  range  was  io"='-9,  being  o''-4  less  than  the  average  for  the  3 

5  years, 

1841-1876. 

The  mean  for  the  month  was  44°'o,  being  4°'4  liii/lur  than  the  average  for 

the  20 ; 

ears,  1849-1868. 

MADK   AT  THE   ROYAL  OBSERVATORY,   GREENWICH,   IN  THE  YEAR   1S77. 
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The  mean  J'emperalme  0/ Evaporation  for  the  month  was  41  "-6,  being  3^-7  higher  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  .18^*5,  bemg  ~°- 1  liiylier  than 

The  mean  Dci/rce  of  Humidity  for  the  month  was  81-3,  being  3-5  less  than 

The  mean  Elastic  Force  nf  Vapour  for  the  month  was  o"'*233,  being  o'°-o26  greater  than 

The  mean  Weight  of  Vapour  iri  a  Cubic  Foot  of  Air  for  the  month  was  2S"-  7,  being  os^-j  greater  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  547  grains,  being  7  grains  less  than  J 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  o  and  au  orerc.ist  sky  by  10)  was  7-4. 

The  mean  proportion  of  Suuslmic  (or  the  month  (constant  sunshine  being  represented  by  i)  was  0-13.     The  maximum  daily  amount  of  Sans/ijnc  was  6- 7  hours  on  February  28. 

The  highest  reading  of  the  Solar  Radiation  Thermometer  was  gi°-  o  on  February  1 1  ;  and  the  lowest  reading  of  the  Terrestrial  Sadiation  Tliermometer  was  19°-  o  on  February  28. 

The  mean  <laily  distribution  of  0:ouc  was,  for  the  12  hours  ending  9  a.m.,  1  -8  ;  for  the  six  hours  ending  3  p.m.,  o*3  ;  and  for  the  six  hours  ending  9  p.m.,  0-2. 

The  Proportio7is  of  Wind  referred  to  the  cardinal  points  were  N.  5,  E.  o,  S.  (),  and  W.  17. 

The  Greatest  Pressure  of  the  Wind  in  the  month    was  2 7"" -5  on  the  square  foot  on  February  20.     The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was 

40S  miles ;  the  greatest  daily  value  was  706  miles  on  February  20  ;  and  the  least  daily  value  2 1 1  miles  on  Febniary  8. 
/?ain  fell  on  18  days  in  the  month,  amounting  to  i""- 7 10,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground ;  being  o'"- 329  </rea<<^r  than  the  average  fall 

for  the  36  years,  1841-1876. 


D  2 


(xxviii) 


Daii.y  Results  of  the  Meteorological  Observations 
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The  results  apply  to  the  civil  dny,  excepting  those  in  Columns  16  and  17,  which  refer  to  the  24  hours  ending  9 

''  a..n.  of  t 

le  day  against 

which  the  readings  are  placed. 

The  mean  reading  of  the  Harometer  (Column  2)  and  the  mean  temperature-  of  the  Air  and  Evaporation  (Colun 

ins  6  and  1 

)  are  deduced 

from  the  photosraphic  records.    The 

'"^.T"  J''"''"''''""''''  <*  I'l'"""  7)  IS  that  determined  fVom  the  reduction  of  the  photographic  records  from  1 
.ma  tlie  Uegive  nt  Himiidity  (Column  i.tj)  aie  deduced  from  the  corresponding   temperatures   of  the  Air  a 
1  he  mean  difference  between  the  Air  and  Dew  Point  Temperatures  (Colmun  10)  is  the  difference  between 
Differences  (Co  nmns  ,,  and  12)  are  deduced   from   the   24  hourly  ,.hotoi;raT.hie   measures  of  the  Drv-b 

S49  to  .86 

8.     The  tenipe 

ratnre  of  the  Dew  Point  (Column  9) 

nd  Evapor 

ition  by  mean- 

of  Glaisher's  Hygrometrical  Tables. 

the  numb 

ers  in  Columns 

6  and  9,  and  the  Greatest  and  Least 

lib  and  A\ 

'et-bulb  Them 

ometers.     The  results  on  March  19 

and  2S  tor  tli 

tions,  on  accc 

The  values  given 

e  i5arometer,  on 
unt  of  accidenta 
n  Columns  3,  4, 

March  12  and  31  for  Air  Temperature,  and  on  .March  .2  for  Evaporation  Te 
loss  of  photogi-aphic  register. 
S<  '4.  '.S.  >'),  and  17  are  derived  from  eye-readings  of  self-registering  thenno 

iiperalure, 
mclors. 

depend  partly 

on  values  inferred  from  eye-observa- 

The  mean  reading  of  the  llar.mclcr  for  the  month  ,vas  29'"-582  being  0'-  140  Imnr  than  the  avemge  for  the  2C 

)  years,  1 8 

S4-'87.?- 

TempivRatuke  of  the  Air. 

-  ■    .     e.n    f         b*-'   "P'"'-'' ,''",''>■  ■••^^""'■'g''  >•'  0"^  "onth  ^vas  48° "s.  b.Mng  .■'•4  l.mcr  'than  the  average  for  th 
'  •  e  n^n  f  I         ■           '  •'"o-  'f '^'"^'  "'  ""•■  """>"'  ^'"■''  34°-  ?   being^-  7 /„„.er  than  the  average  for  th 
Ihe  ...can  for  the  month  was  41^-0,  being  o'-b  lower  than  the  average  forlhe  20 years!  .849-1868. 

range  wa. 
e  .^6  years 

>  3.i'"9- 
1841-1876. 

■  ,?6  years, 

1841-1876. 

MADK   A-I 

Tin 

:  Royal 

OliSlORVATOUY,    GUEEN'WICIt, 

IN  THE  Yeah  1S77.                                                (xxix) 

MONTH 

Wind  .\3  T)EDCCED  FKOM  .StJlF-REOISXEKIXG  A.vemojietees. 

CLOUDS  AND  WEATHER. 

OSLEE'S. 

Robin- 
son's. 

and 
DAY, 

General  Direction. 

Pressure  on  the 
Square  Foot. 

1 

1S77. 

3- 

*! 

o|| 

a  a 

A.M. 

P.M. 

A.M. 

P.M. 

1 

i 

MS 

6 

J    s      !  H      1 

lbs. 

lbs. 

lbs. 

mlks. 

Mar.  I 

NW  :  WSM' 

WSW  :   SSW 

o-i 

0-0 

o-o 

186 

V,  h.-fr,  h 

5,  th.-cl,  h   :     ci,  ci.-s,  s     :   10,  tli.-r 

2 

S  :  .SSW 

SW  :  WSW 

07 

O'O 

o-i 

262 

10,  th.-r 

10,  oc.-th.-r 

3 

AVSW 

WSW:  SW 

07 

o-o 

0-0 

238 

10,  m.-r 

10,  th.-r 

4 

SSW:  Calm 

NE:  N:  NNW 

1-3 

o*o 

o-i 

180 

10,  r,  sl.-l'                    :     f,  gt.-n;lm 

10,  r,  r 

5 

NNW 

N  :   NW 

r2 

CO 

0-3 

257 

V                                  :     cu.-s 

10                                    :     q>  cu.-s,  ci.-cii 

6 

N 

N:  NNW:SW 

i-o 

o-o 

O-I 

239 

10,  lli.-r 

10,  th.-r                       :     0,  h.-fr 

7 

WSW  :  NNW 

NW:  N:  NNE 

i6-5 

0-0 

1-3 

472 

V,  sq                              :     q,  sl.-sn,  w 

10,  sii             :     V                     :   10,  r,  st.-w 

8 

N 

N  . 

8-8 

o-o 

1-2 

448 

V,  w                            :     V,  sl.-sn 

vv,  sn                            :     0,  h.-ir 

9 

NNW:  N 

NE:  ENE:  SSE 

2-3 

0-0 

0-2 

216 

0,  h.-fr                        :     2,  ei.-s 

10                                 :    10 

10 

S.SE 

SSE:  SE 

0-5 

0-0 

0-0 

180 

V                                  :     ei.-cu,  cu.-s,  ci.-s 

6,  ci,  ci.-cu,  ci.-s,  cu  :     0 

1 1 

SE 

SE : S : SW 

0-3 

0-0 

0-0 

154 

0,  h.-fr 

0                                 :      1,  li.-cl,  d 

12 

SW  :  WSW 

WSW  :  W 

12-5 

O'O 

1-6 

5ii 

V 

10,  w                              :    10,  sl.-r 

i5 

W  :  WNW 

WNW:  NW:  W 

6-6 

O'O 

ri 

473 

10,  w                            :    10,  oc.-lh.-r,  w 

10,  th.-r                         :    10,  r 

H 

W 

W:  WSW 

4-0 

0-0 

1-0 

458 

V 

10                    :     V,  th.-r           :     v 

i5 

WSW  :  W 

W  :  SAV 

5-3 

O-O 

1-0 

4«7 

V                                :     cu.-s,  cu,  ei.-cu 

9,ci.-cu,cu.-s  :     V               :     0 

16 

.SW  :  W 

W  :  WSW  :  SW 

q-2 

0-0 

1-6 

5i3 

V                                :     6,  cu.-s,  cu,  ci 

V,  ci,  ci.-cu,  cu.-s,  w  :     0 

17 

WSW 

W: NW: WSW 

5-3 

0-0 

0-6 

371 

0                                :     ci 

v,ci.-cu,cu.-s,r,sii:      V,  r,  sn,  hi     :      0 

18 

^VSW 

SSW:  SW 

2-6 

o-o 

0-2 

267 

0 

v,ci,cu,ci.-cu,cu.-s:      V,  r                  :      1, th.-cl, h.-fr 

'9 

SW:  W:  NE 

NNE : ENE : NE 

n 

o-o 

O-I 

198 

0,  th.-f 

7,cu.-s,ci.-ra.li.-cl:    10                          :      4,ci.-cu,CU.-> 

20 

NNE 

NNE  :  N 

8-5 

0-0 

I  "9 

548 

V                                 :   10 

10  th.-r,  sn,  w 

21 

N 

N 

8-4 

0-0 

1-6 

383 

10,  tli.-r,  sn,  w            :   10,  oc-sn 

10,  oc.-th.-r  :     V                     :     0,  lu.-ha 

22 

W:  WSW 

Variable 

17 

0-0 

O-I 

134 

0                                  :     0,  h 

v,gt,-glin,sl:   10,  r,  sa         :     0 

23 

WSW:  SW:  S 

S  :  SE  :  ESE 

I -5 

o-o 

0-2 

2l5 

0 

7,ci,ci.-cu,cu.-s,so.-ha:    10                1    :     io,th.-cl,lu.-ha,r 

2+ 

Variable 

SW  :  SSE 

4-8 

0-0 

0-8 

345 

10,  h.-r                         :   10 

7,cu.-s,cu,ci:   10,  r               :    10,  r 

25 

SSE  :  S  :  SSW 

SE:  ESE 

4-6 

0-0 

0-5 

307 

10,  r                            :     9,  cu.-s,  ei.-cu 

V,  en.-s,  ci.-cu,  ci     :     6,cu.-s,ci.-cu,shs.-r 

26 

EXE  :  E 

ENE : ESE :  SE 

o-o 

0-0 

o-o 

126 

10,  r 

10,  oe.-r                       :   10,  fr.-r 

27 

WSW 

SSW:  WSW:  SW 

27 

0-0 

0-2 

272 

V                                  :     V,  ci,  cu,  ci.-cu 

10,  th.-r        :   10,  r                :     3,  ci.-cu,  ci 

28 

SW 

SSAV  :  S 

3-2 

o-o 

o"4 

314 

1 0,  r                             :     5,  cu.-s,  ci.-cu,  ci 
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The  mean  Temperature  of  Evaporation  for  the  month  was  38°-6,  being  o°-4  lower  than 

The  mean  Temperature  of  the  Dew  Point  for  the  mouth  was  35°'  5,  being  ©"•j  lower  than 

The  mean  Degree  of  Humidity  for  the  month  was  81-2,  being  0*3  ijreater  than 

■  the  average  for  the  20  years,  1849-1868. 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  oi"-  208,  being  o'"-oo4  less  than 

The  mean  Weii/Iu  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  2=""4,  being  o"''  i  less  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  547  grains,  being  3  grains  less  than 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  0  and  an  overcast  sKy  by  10)  was  7-2. 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  o'  27.     The  maximum  daily  amount  of  Sunshine  was  q*  6  hours  on  March  1 1. 

The  highest  reading  of  the  Solar  Uadiativn  Thermometer  was  105°' 5  on  March  25  ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  18^ -2  on  March  i. 

The  mean  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  9  a.m.,  2m  ;  for  the  six  hours  ending  3  p.m.,  o-g  ;  and  for  the  six  hours  ending  9  p.m.,  o'7. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  7,  K.  4,  S.  8,  and  "W.  12. 

The  Greatest  Pressure  of  the   Wi?id  in  the  month  was  i6"''-5  on  the  square  foot  on  March  7.     The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was  307  miles; 

the  greatest  daily  value  was  548  miles  on  March  20  ;  and  the  least  daily  value  126  miles  on  March  26. 

Rain  fell  on  17  days  in  the  month,  amounting  to  2'" '230,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground;  being  o'"'747  greater  than  the  average  fall 

for  the  36  years,  1841-1S76. 

(xxx) 


Daily  Results  of  the  Meteorological  Observations 
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The  results  apply  to  the  civil  day,  except 

ng  thos 

e  in  Columns  16  and  17,  which 

refer  t( 

the  24  hours  ending  9''  a.m.  of  the  day  against  which  the  readings  are  placed.                    | 

The  mean  reading  of  the  Barometer  (Co! 

umn  3] 

and  the  mean  temperatures  of  t 
'rmined  from  the  reduction  of  t 

he  Air 

and  Eva 

)oration 
records 

(Columns  (t  and  8)  are  deduced  from  the  photographic  records.    The      1 
from  1849  to  1868.     The  temperature  of  the  Dew  I'oiut  (Column  q)       I 

average  temperature  (Column  7)  is  t 

hat  det 

le  phot 

jgraphic 

and  the  Decree  of  Humidity  (Colum 

n  13)  a 

re  deiUiced  from  the  correspond 

ng  ten 

perature 

of  the 

Air  and  Evaporation  by  mean 

s  of  Glaisher's  Hygrometrical  Tables. 

The  mean  difference  between  the  Ai 

r  and  IJ 

ew  I'liint  Temperatures  ((^olum 

n  10)  i 

,  the  iliff 

»rence  b 

etween  the   numbers  in  Columr 

s  6  and  9,  and  the  Gre.aiest  and  Least 

Differences  (Columns  1 1  and  1 2)  arc 

deduce 

d  from  the  24  hourly  photograi 

hie  mci 

isures  of 

the  D 

ry-bulb   and   Wet-bulb   Thermc 

moters.     The  results  on  April  9,  18, 

and  28  for  Air  Temperature,  and  on 

April  1 

S  for  Evaporation  Temperature 

depenc 

partly 

on  valii 

es  inferred  from  eye-obscrvatic 

ns,  on   account  of  accidental   loss  of 

photographic  register. 

The  values  given  in  Columns  3,  4,  j,  14, 

'j;.  16. 

and  17  are  derived_from  eyc-rea 
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TEMPF.UATUiii;  or  Till!  Air. 

The  highest  in  the  month  was  66°- o  on  April  4  ;  the  lowest  in  the  month  was  32°- 1  on  April  20;  and  the  range  was  33°- 9. 

The  muan  of  all  the  highest  daily  readings  in  the  month  was  .i;4°"3,  being  3°-6  lower  than  the  average  for  the  36  years,  1841-1876. 

The  mean  of  all  the  lowest  daily  readings  in  the  month  was  39"-5.  being  o°-3  hii/lur  than  the  average  for  the  36  years,  1841-1876. 


The  mean  daily  rangy  was  14"^-  7,  being  4°*o  less  than  the  average  for  the  36  years,  1841-1876. 
The  mean  for  the  mouth  was  46'- 1,  being  i°- 3 /oitv/' thai    ' 


lan  the  average  for  the  20  years,  1849-iS 
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The  mean  Temperature  of  Evaporation  for  the  month  was  43"  •  2,  being  o""  7  lower  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  S')''9>  being  o'-^  lower  than 

The  mean  Degree  of  Humidity  for  the  month  was  79 '4,  being  2"  1;  ijreater  than                                     1 

The  mean  FMstic  Force  of  Vapour  for  the  month  was  o'-  246,  being  o'-oo4  less  than                        ''"'^  '""^^^e  fof  the  20  years,  .849-1868. 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  2S"-8,  being  o^'- 1  less  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  542  grains,  being  2  grains  less  than 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sliy  being  represented  by  0  and  an  overcast  sky  by  10)  was  8-4. 

The  mean  proportion  of  !^unshiiic  for  the  montli  (constant  sunshine  being  represented  by  i)  was  o- 17.     The  maximum  daily  amount  of  Sunsliiue  Was  7'8  hours  on  April  23. 

The  highest  reading  of  the  Solar  Radiation  Thermometer  was  1 1 6=  •  3  on  April  20 ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  27°- 1  on  April  25. 

The  mean  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  9  a.m.,  4-5  ;  for  the  six  hours  ending  3  p.m.,  3-4;  and  for  the  six  hours  ending  9  p.m.,  1'8. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  6,  E.  10,  S.  9,  and  W.  5. 

The  Greatest  Pressure  of  the  Wind  in  the  mouth  was  34i'"-o  on  the  square  foot  on  April  16.    The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was  308  miles; 

the  greatest  daily  value  was  711  miles  on  April  17  ;  and  the  least  daily  value  110  miles  ou  April  13. 

Rain  fell  on  20  days  in  the  month,  amounting  to  3'°'349,as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground  ;  being  i"" ■  834  </re«<er  than  theavenige  fall 
for  the  36  years,  1841-1876. 
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"  a.m.  of  the  day 

against 

which  the  readings  are  placed. 

The  mean  reading  of  the  Barometer  (Col 

«mn  2)  and  the  mean  te 

nperalures  of  the  Air  and  Evaporation  (Colu 

mns  6  and  8)  are  deduced 

from  the  photographic  records. 

rhe 

averagf  temperature  (Column  ;)  is 

that  detenuined  from  th 

e  reduction  of  the  jihotographie  records  from 

iS49toi868.     Thetemi 

erature  of  the  Dew  Point  (Column  9)         | 

and  the  Do^Tee  of  Humidity  (Colun 

m  13)  are  deduced  from 

the  corresponding  temperatures  of  the  .-Mr 

lud  Evaporation  by  mean 

s  of  Glaisher's  Hygrometrical  Tables.         1 

Till'  mean  diffiTenco  between  the  A 

r  and  Dew  Point  Tempt 

ratures  (Column  10)  is  the  difference  lietwee 

a  the  numbers  in 

Colmnn 

s  6  and  9,  and  the  Greatest  and  Least         | 

Differences  (Columns  ii  and  12)  ai 

e  deduced  from  the  24 

hourly  photographic  measures  of  the  Dry-b 

lib  and  Wet-bulb 

Therm 

jmeters.     The  results  on  May  4. 

;.9.      1 

and    20  for  Air  Temperature,  and 

on  May  2,  4,  5,  14,  and 

20  for  Evaporation  Temperature,  depend  p 

artly  on  v 

alucs  inferred 

from  eye-observations,  on  account  of        | 

accidental  loss  of  pliotojfraphic  repis 

ter. 

The  values  given  in  Columns  3,  4,  5,  14, 

15,  16,  and  17  are  deriv 

ed  from  eye-readings  of  self-registering  them 

ometers. 

The  mean  reading  of  the  Barometer  for 

he  month  was  29'"  -  707, 

being  o'""070  luwer  than  the  average  for  the 

20  years, 

1854-1! 

/.?• 

Tempkkati'RE  of  the  Air. 

The  highest  in  the  month  was  67"' 6 

Oil  May  26  ;  the  lowest 

in  the  month  was  28°- 1  ou  May  4;  and  the  i 

auge  was 

d.^"--- 

The  mean  of  all  the  hiphest  daily  re 

(dings  in  the  month  was 

j9''-3,  being  5°- 1  Imrcr  than  the  average  for 

the  36  years,  184 

-1876. 

The  mean  of  all  the  lowest  daily  rea 

lings  in  the  month  was  4 

i°-  7,  being  2°- 1  lower  than  the  average  for  t 

le  36  years,  1841- 

1876. 

The  mean  daily  range  w;i.s  i;^'6,  be 

ing  .^"-o  Uss  than  the  av 

erage  for  the  ,56  years,  1S41-1876. 

The  mean  for  the  month  was  49°  •  4, 

being  f-»  timer  than  tl 

e  average  for  the  20  years,  i84y-iSnS. 

MADE 

AT   THE 

Roy. 

iL  Observatory,  Greenwich,  i>f  the  Year  1S77.                                         (xxxiii) 

Wind  as  deduced  FKOM  SELF-r^GISIERING  .Inemometees. 

MONTH 

Oslek's. 

Robin- 
son's. 

CLOUDS  AXD  WEATHER. 

-J 

and 
DAY, 

fieiieral  Direction. 

Pressure  on  the 
Square  Foot. 

s 

> 

3 '-5 

1S77. 

^ 

0  >"»■ 

A.M. 

P.M. 

A.M. 

P.M. 

1 
0 

1 

II 

K 

lb!. 

lbs. 

lbs. 

miles. 

May    I 

XXW:    \ 

NNE:  N 

0-8 

0-0 

o-o 

271 

10                                :   10 

10                                    :    10 

2 

Variable 

SW 

o-o 

O-O 

0-0 

118 

10                                :   10 

10,  cu               :     V                    :     0 

3 

WSW  :  NE 

XE:   E:   EXE 

2-0 

0-0 

o-i 

234 

0                                :     0,  h 

10,  oc.-th.-r    :   10,  th.-r         :     3 

4 

ENE 

E 

2-1 

0-0 

0-2 

282 

V                                :     7,  cu.-s,  cu,  ci,  ci.-cu 

v,ci,cu,eu.-s,ci.-cu:      4,  CU,  Ci        :      O 

5 

NE 

ENE:  E 

07 

0-0 

0-0 

214 

0                                :     V 

8,  ci.-cu,  cu.-s,  ci      :     v,  cu.-s 

6 

EXE:  E 

ESE:  ENE 

3-8 

O-O 

c-4 

288 

V                                :     5,  ci.-cu 

3,  ci.-cu                      :     0 

7 

XE:  ENE 

ESE:  E:  ENE 

07 

0-0 

o-o 

172 

0                                :     I,  ci.-s 

I,  ci,  ci.-s                   :     0 

8 

XXE: NE 

E:  ESE 

0-8 

0-0 

0-0 

•74 

0                                :      1,  ci 

2,  cu,  ci         :     V                     :     7,  ci,  ci. 

cu 

9 

ESE:  SSW 

S:   SSE 

1-8 

0-0 

0-0 

197 

V                                :   10,  cu.-s,  cu,  ci 

6,  ci.-cu         :     V                     :     9 

10 

SW:  AVSW 

SSW:   SE 

•"9 

0-0 

O-I 

209 

V                                  :     g,  ci.-cu,  cu.-s,  ci 

8,ci,cu,ci.-cu,cu.-s,ci.-s,so.-ha:      V 

II 

NNE:  N 

Variable 

O'O 

c-0 

0-0 

100 

10                                 :   10,  th.-r 

V,  r,  glm                       :     v 

12 

SSE:   NE 

SE 

O'O 

o-o 

0-0 

82 

V                                :   10,  shs.-r,  t 

10,  r,  t                          :   10,  oc.-r 

i3 

X 

Variable 

0"0 

0-0 

0-0 

142 

10                                 :   10,  th.-r 

10,  r                 :  v,cu,cu.-s,ci.-cu:      v 

H 

•SE:  ENE 

E  :  ESE 

o-o 

0-0 

o-o 

121 

V                                :   10,  th.-r 

10,  oc.-th.-r                  :   10 

1         '^ 

ESE:  W 

WNW:  W:  WSW 

6-3 

o-c 

0-4 

270 

10,  shs.-r                    :   10,  th.-r 

6,ci,ca,ci.-ca,cu.-s:      v                   :     2,  ci.-cu 

s 

16 

SW  :   W.SW 

SW:  SSW 

4-0 

0-0 

o-i 

270 

10                                    :  3,  cu,  ci.-cu,  ci, cu.-s,  oc.-r 

T,cu,ci,ci.-cu,cu.-s,oc.-r:      v 

•7 

SSW:   S 

SW:  W 

8-2 

0-0 

0-7 

385 

V                                  :    lo,  r 

10,  r,  w          :   10,  th.-r         :     2,  ci.-cu. 

cu 

18 

WSW  :   W 

WSW 

8-5 

0-0 

1-2 

493 

0                                  :     7,  ci.-cu,  cu.-s 

6,  cu.-s,  cu,  ci.-cu,  w:     vv,  1 

'9 

WSW 

W  :  NW  :  N 

3"2 

0-0 

0-3 

340 

V                                :   10,  r 

10,  fr.-shs                     :   10,  oc.-r 

20 

N  .  NNE 

N 

7-5 

0-0 

1-2 

428 

10                                 :   10,  r 

10                                  :   10 

21 

N 

NNE 

8-0 

o-c 

1-5 

454 

10        •                           :   10 

10,  w               :     9,ci.-cu,cu.-s,w:    10,  V 

22 

NXE 

NNE 

5-3 

0-0 

0-8 

413 

10,  r                            :   10,  th.-r 

10                                    :   10 

23 

NNE 

NNE 

i-o 

0-0 

o-i 

335 

10                                  :   10 

10                                  :   lo 

24 

N:  NNE 

NNE:  NE 

1-3 

0-0 

O-I 

244 

10                                :   10,  00. -th.-r 

10                    :    10,  oc.-r           :    10 

25 

XNE : NE 

NE:  SSW 

o-o 

0-0 

0-0 

l32 

V                                 :     0,  h 

V,  li.-cl        :   10,  li.-cl           :     v 

26 

Calm:   SW 

SSW 

0-3 

0-0 

0-0 

189 

V                                :     1,  ci.-s 

8,ci.-cu,cu,cu.-s,h:   v,cu.-s,ci,ci.-cu:      O 

27 

SSW:  SW 

SW:  SSW 

7*4 

0-0 

0-9 

442 

V                               :     8,  ci.-cu,  ci.-s,  w 

3,  ci,  ci.-cu,  w           :     2,  ci.-cu 

28 

SSW:  SW 

SW 

24-8 

0-0 

Z'2 

670 

V,  h.-r                        :     cu.-s,  cu,  ci.-cu,  w 

1 0,  r,  0;                            :     8,  cu.-s 

29 

SW 

SW 

4-0 

0-0 

0-4 

398 

V                                    :  5,ci,ci.-cu,cu,  cu.-s,  oc.-r 

V,  cu.-s,  cu,  ci.-cu     :     v 

3o 

SW 

SW  :   SSW  :  S 

2*5 

0-0 

0-2 

045 

V                                :     8,  cu.-s,  cu,  ci 

6,  ci,  ci.-cu,  cu.-s      :     0 

3i 

XE  :  ESE 

SW:  SSE 

2-0 

0-0 

O-I 

245 

V                                  :    10,  th.-r 

10,  th.-cl,  r,  so.-ha      :   10,  li.-cl 

Means 

... 

0-4 

279 

Xumlier  of 
Column  for 
Reference 

23 

24 

20 

26 

27 

28 

29 

3o 

The  mean  'temperature  of  Evaporation  for  the  month  was  45°'5,  being  3°*4  lower  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  4t°"3,  being  3''*8  /oicer  than 

Tlie  mean  Degree  of  Humidity  for  the  month  was  74'  4,  being  i  ■  0  less  than 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  0'"  ■  260,  being  0'°  -041  less  than 

^the  avrage  for  the  20  years,  1849-1868. 

Tlie  mean   Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  3'''^'''0,  being  o^'4  less  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  540  grains,  being  2  grains  greater  than 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  0  and  an  overcast  sky  by  10)  was  7  •  i . 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  0-30.    The  maximum  daily  amount  of  Sunshine  was  13-0  hoars  on  May  8. 

The  highest  reading  of  the  Solar  Radiation  Thcnmmeter  was  129°- 1  on  May  9  ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  23°-oonMay  5. 

The  mean  daily  distribution  of  Ozone  was,  for  the  1 2  hours  ending  9  a.m.,  3 '  4  ;  for  the  six  hours  ending  3  p.m.,  2  •  7  ;  and  for  the  six  hours  ending  9  p.m.,  i  ■  7. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  9,  E.  8,  S.  7,  and  W.  6.     One  day  was  calm. 

The  Greatest  Pressure  of  the  Wind  in  the  month  was  24""-8  on  the  square  foot  on  May  28.     The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was  279  miles  ; 

the  greatest  daily  value  was  670  miles  on  May  38  ;  and  the  least  daily  value  82  miles  on  May  12. 

ifuin  fell  on  10  days  in  the  month,  amounting  to  ii"'376,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground;  being  o''"6i3 /ess  than  the  average  fall 
for  the  36  years,  1841-1876. 

Greenwich  Magnetioal  and  Meteorological  Observations,  1877. 
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Daily  Results  of  thk  Meteorolooical  Observations 
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0 
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hours. 

.in. 

June  I 

29-394 

60-0 

5o-8 

9-2 

54-7 

-  2-8 

5i-5 

48-4 

6-3 

9-9 

4-0 

79 

92-6 

46-5 

58-3 

55-3 

2-5 

16-2 

0-166 

24-4 

SP,  SX  :  0 

2 

Apogee 

29-697 

60-8 

5o-6 

10-2 

54-5 

-3-2 

5i-7 

48-9 

5-6 

8-2 

3-2 

81 

85-0 

46-7 

57-9 

55-3 

0-0 

16-3 

0-000 

19-2 

0 

3 

29-616 

78-9 

45-2 

33-7 

64-9 

+  7-0 

57-3 

5i-o 

13-9 

28-9 

0-6 

61 

129-6 

39-8 

57-5 

55-3 

12-6 

16-3 

0-000 

10-7 

0 

4 

Last  Qr. 

29-563 

81-7 

53-1 

28-6 

66-6 

4-  8-5 

60-6 

55-8 

10-8 

18-9 

5-1 

69 

1 36-5 

46-0 

58-8 

56-3 

9-8 

16-3 

o-oo5 

10-5 

0 :  sF.sX :  0 

5 

In  Equatoi 

29-781 

70-5 

49-5 

2I-0 

59-3 

+  i-i 

52-5 

46-5 

12-8 

2I-I 

3-6 

62 

120-9 

43-5 

59-8 

57-3 

8-6 

16-4 

o-ooo 

17-0 

0 

6 

29-839 

67-2 

46-5 

20-7 

55-3 

-3-0 

01-2 

47-3 

8-0 

17-5 

1-2 

75 

126-0 

40-6 

60-3 

57-5 

6-5 

16-4 

o-o65 

22-6 

0 

7 

29-979 

70-0 

44-2 

25-8 

55-9 

—  2-5 

5o-3 

45-1 

10-8 

23-8 

2-5 

67 

127-8 

40-4 

60-3 

57-8 

I  ro 

16-4 

o-ooo 

IC-9 

0 

8 

29-931 

73-4 

47' I 

26-3 

60-7 

+  2-2 

54-6 

49'2 

11-5 

20-5 

2-5 

66 

132-3 

41-3 

61-3 

58-8 

8-1 

.6-4 

o-ooo 

97 

0 

9 

29-918 

78-9 

55-2 

23-7 

66-2 

+  77 

Sg-o 

53-2 

i3-o 

24-1 

4-6 

63 

i35-6 

48-3 

62-3 

59-3 

13-7 

16-4 

0-000 

i3-8 

0 

10 

29-933 

80-2 

53-3 

26-9 

65-5 

4-  6-q 

58-6 

53-0 

12-5 

22-8 

4-6 

64 

134-0 

48-0 

63-3 

6o-3 

i3-2 

16-5 

o-ooo 

11-0 

0 

1 1 

New :  Greatest 

29-889 

83-7 

5r5 

32-2 

67-1 

4-8-4 

60-4 

55-0 

12-1 

26-2 

'■4 

65 

129-4 

46-8 

64-3 

6i-5 

i3-i 

16-5 

0-160 

8-9 

0 

12 

•• 

297H 

76-9 

57-1 

19-8 

65-9 

4-7-1 

62-8 

6o-3 

5-6 

11-9 

i-i 

83 

i32-5 

57-1 

65-8 

62-5 

4-6 

16-5 

o-25c 

12-6 

0 

i3 

Perigee 

29-821 

66-4 

5i-o 

.5-4 

59-4 

4-0-5 

55-q 

52-8 

6-6 

i5-2 

2-5 

79 

113-5 

46-0 

66-3 

63-3 

3-4 

1 6-5 

O'OOO 

16-7 

0 

H 

29-931 

68-8 

49-1 

19-7 

59-2 

4-  o-i 

54-0 

49-3 

9-9 

21-2 

2-0 

70 

129-2 

44-5 

67-3 

63-8 

11-8 

16-5 

0-000 

11-3 

0 

i5 

29-994 

737 

51-9 

21-8 

61-9 

+  2-6 

56-0 

5ro 

10-9 

21-6 

2  "4 

68 

134-7 

47-' 

67-3 

63-8 

10-9 

16-5 

0-000 

i3-o 

0 

i6 

29-966 

76-2 

48-0 

28-2 

63-3 

4-  3-8 

56-8 

5 1-3 

12-0 

23-0 

i-S 

65 

137-6 

39-7 

66-5 

63-8 

11-9 

16-5 

0-000 

87 

0 

17 

29-873 

80-2 

5ro 

29-2 

66-4 

+  6-7 

58-5 

52-1 

14-3 

28-0 

2-2 

60 

140-3 

42-2 

66-3 

64-3 

i3-3 

166 

o-ooo 

37 

0 

i8 

In  Equator ; 

29-882 

82-7 

5o-5 

32-2 

67-6 

+  77 

58-7 

5i-6 

16-0 

04-5 

3-6 

56 

144-5 

427 

67-1 

65-3 

12-6 

16-6 

o-ooo 

4-0 

0 

'9 

29-91Q 

84-4 

52-3 

32-1 

68-6 

+  8-4 

60-6 

04-4 

14-2 

28-2 

3-4. 

60 

137-9 

43-4 

68-8 

66-3 

I2-I 

1 6-6 

0-000 

9-8 

0 

20 

29-882 

777 

53-5 

24-2 

64-0 

4-  3-5 

58-5 

53-9 

lo-i 

20-7 

3-0 

69 

i35-o 

48-3 

68-8 

66-3 

8-5 

16-6 

0-000 

i5-5 

0 

21 

29-698 

76-8 

49"9 

26-9 

62-8 

4-  2-0 

57-8 

53-6 

9-2 

20-2 

0-0 

72 

i33-5 

44-8 

69-1 

66-8 

7-8 

16-6 

0-000 

12-8 

0 

22 

29-440 

74-4 

57-1 

17-3 

63-6 

-1-  2-5 

58-4 

54-0 

9-6 

18-4 

2-9 

72 

127-9 

5i-9 

69-3 

67-1 

8-6 

16-6 

0-000 

14-2 

w 

23 

29-598 

67-3 

46-0 

21-3 

58-6 

-2-8 

53-3 

48-7 

9'9 

22-3 

1-9 

69 

119-0 

39-0 

69-1 

66-3 

4-« 

i6-6 

o'oi5 

77 

0 

24 

29-927 

72-2 

44-8 

27-4 

57-6 

-4-1 

50-4 

43-8 

i3-8 

27-7 

0-8 

60 

125-0 

06-9 

67-3 

64-5 

12-1 

16-6 

0-000 

5-0 

0 

25 

Greatest 
Dec.  S. :  Full. 

29-978 

74-8 

44-2 

3o-6 

59-2 

-  2-7 

5i-5 

4+7 

14-5 

22-3 

2-9 

58 

i3i-2 

36-5 

66-3 

64-5 

8-5 

16-6 

0-000 

3-6 

0 

26 

29-928 

72-2 

5o-2 

22-0 

59'9 

—  2-1 

55-2 

5i-. 

8-8 

14-4 

3-0 

73 

1 19-0 

42-9 

67-1 

64-3 

3-8 

16-5 

0-000 

4'9 

0 

27 

29'974 

73-2 

54-8 

18-4 

61-9 

—  o-i 

55-9 

5o-8 

in 

23-6 

3-4 

68 

116-4 

47-4 

66-5 

64-5 

4-5 

i6-5 

0-02  2 

0-0 

0 

i8 
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The  results  apply  to  the  civil  day,  excepting  those  in  Columns  16 
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and  15  for  the  Uarometer,  on  June  2,  3,  4,  11,  20,  and   21    for  Air  Temperature,  and  on  June  2,  12,  20,  and  31   for  Evaporation  Temperature,  depend  partly  on  values 
inferred  from  eye-observations,  on  account  of  accidental  loss  of  photographic  register. 
The  values  given  in  Columns  j,  4,  5,  14,  15,  16,  and  17  are  derived  from  eye-readings  of  self-registering  thermometers. 

Tliemcan  reading  of  the  Harmneler  for  the  month  was  29'" '840,  being  o'"- 01 2  Aiyier  than  the  average  for  the  20  years,  1S54-1873. 

TF.MPERATrKF.   OF  THK    AlR. 

The  highest  in  tlie  month  was  85°- 5  on  June  29  ;  the  lowest  in  the  month  was  44'- 2  on  June  7  and  2? ;  and  the  range  was  4i°-3. 
The  mean  of  all  the  highest  daily  readings  in  the  month  was  74°"9,  being  ^"-8  higher  than  the  average"  for  the  36  years,  1841-1876. 
Tlie  mean  of  all  the  lowest  daily  readings  in  the  month  was  50"-;.  being  o'-6  hii/her  than  the  average  for  the  36  years,  1841-1876. 
The  mean  daily  range  was  24°-  5,  being  3°*3  grcaUr  than  the  average  for  the  36  years,  1841-1876. 
The  mean  for  the  month  was  62^-3,  being  2°' 6  higher  than  the  average  for  the  20  years,  1849-1868. 
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Wind  .ts  deduced  from  SELP-EEaisTEKixG  Anemometers. 
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The  mean  Temperature  of  Evaporation  for  the  month  -was  56'  •  2,  being  i°'  0  hit/her  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  ji'-o,  being  o°-2  /ower  than 

The  mean  Degree  of  Humidity  for  the  month  was  67-0,  being  6*3  less  than 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'°-3;4,  being  o"'-oo3  less  than 

the  average  for  the  20  years,  1849-1868. 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  4^"  i,  being  oS'- 1  less  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  529  grains,  being  z  grains  less  than 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  0  and  an  overcast  sky  by  10)  was  5'0. 

The  mean  proportion  o{  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  0-54.     The  maximum  daily  amount  of  Sunshine  was  13' 7  hours  on  June  9. 

The  highest  reading  of  the  Solar  Radiation  Thermometer  was  144°-  5  on  June  18  ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Theitnometer  was  36=-  5  on  Jane  25. 

The  mean  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  9  a.m.,  38  ;  for  the  six  hours  ending  3  p.m.,  3*0;  and  for  the  six  hours  ending  9  p.m.,  yS. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  3,  E.  9,  S.  9,  and  W.  9. 

The  Greatest  Pressure  of  the  Wind  in  the  month  was  23""-o  on  the  square  foot  on  June  2.    The  mean  daily  Horizotital  Movement  of  the  Air  for  the  month  was  284  miles ; 

the  greatest  daily  value  was  673  miles  on  June  i ;  and  the  least  daily  value  137  miles  on  June  19. 

Rain  fell  on  7  days  in  the  month,  amounting  to  o'°'683,  as  measured  in  the  simple  cylinder  gauge  partly  svmk  below  the  ground  ;  being  i'°-268  less  than  the  average  fall 

for  the  36  years,  1841 

-1876. 

/;  2 
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Daily  Results  of  the  Meteorological  Observations 
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0-245 

12-5 

0 

24 

29'4-57 
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64-8 

19*2 

627           0-0 

58-3 

64-6 

8-1 

17-6 

0-4 

75 

124-3 

48-5 

64*9 

63-3 

5-6 

i5-7 

0-1  o3 

9-2 

0 

2  5 

Full 

29744 

72-7 

5r5 

21-2 

6o-3   —   2-4 

55-7 

517 

8-6 

.9-. 

1-2 

7-3 

128-0 

45-2 

65-8 

63-3 

5-9 

i5-7 

Q-OOO 

7-2 

0 

26 

29-731 

72-7 

55-3 

'7"4 

62-4   —  0-3 

58-8 

55-7 

67 

16-0 

1-0 

79 

119-0 

54*6 

65-3 

63-5 

2-3 

1 5-7 

0-258 

5-3 

0 

27 

Apogee 

29-954 

73-0 

5i-8 

21-2 

62-3   —  0-3 

57-8 

54-0 

8-3 

.7-8 

0-6 

75 

1297 

45-6 

65-3 

63-5 

6-3 

i5-6 

O-ooo 

0-0 

0 

28 

29-992 

67-5 

49-6 

«7'9 

6o-5  1—2-1 

57-9 

55-6 

4-9 

9'3 

1-6 

85 

93-6 

42-9 

65-5 

63-5 

o-i 

i5-6 

o-ooo 

0-0 

0 

29 

In  Equator 

30-067 

83-4 

59-8 

23-6 

70-1  1  -t   7-5 

65-1 

6i-2 

8-9 

18-4 

0-8 

73 

134-2 

55-2 

^^■^ 

63-8 

12-4 

i5-5 

0-000 

2-0 

0 

00 

3o-o8,( 

83-4 

56-9 

26-5 

68-4   +   5-8 

63-8 

60-1 

8-3 

20-2 

0-2 

75 

137-2 

52-2 

66-3 

647 

9-3 

i5-5 

0*000 

0-0 

0 

.11 

29-832 

88-2 

56-1 

32-1 

71-6    +   9-0 

66-0 

6i-8 

9-8 

20-9 

0"0 

7> 

142-6 

47-6 

67-3 

65-1 

9-5 

i5-4 

o-ooo 

0-0 

0 

Mean.s 

29746 

72-8 

52-1 

20-7 

6i-5    —   ri 

57-1 

53-3 

8-2 

17-2 

1-2 

75-0 

122-9 

46-3 

65-8 

63-8 

5-7 

16-0 

2-457 

5-2 

XumlHTof 
Column  for 

1 

2 

3 

4 

5 

6     i      7 

8 

9 

10 

II 

12 

l3 

14 

i5 

16 

>7 

18 

•9 

20 

21 

22 

U<-feronce 

The  results  apply  to  the  i 

ivil  day,  excep 

ing  tho 

se  in  Columns  i( 

and  17,  which  refer  tf 

the  24  1 

ours  en 

ding  9"  a.m.  oft 

he  day 

against 

which  the  readings  are  plac 

ed. 

The  mean  reading  of  the 

Barometer  (Co 

umn  2) 

and  the  mean  tt 

mperatures  of  the  Air 

and  Evaj 

oration 

(Columns  6  and 

8)  are 

deduced 

from  the  photographic  reco 

rds 

The 

avenigo  teniperaturu 

(Colunm  7)  is 

that  de 

termincd  from  tl 

e  reduction  of  the  iiho 

ograjihic 

record 

from  1849  to  I 

?08.     T 

he  tenn 

erature  of  the  Dew  Point  ( 

"olum 

n  9) 

and  the  De-rc-e  of  11 

umidity  (Colur 

nn  13) 

are  deduced  f-om 

the  correspcmding  tei 

.peralurc 

sof  th 

e  Air  and  Evapo 

ration  1 

y  mean 

s  of  Glaisher's  Hygrometri 

■al  Tables.         1 

The  mean  diffL-rence 

between  the  A 

r  and  1 

)e»-  Point  Temp 

ratures  (Columu  10) 

s  the  diff 

urence 

between  the  num 

bers  in 

Column 

s  6  and  9,  and  the  Greatest 

and  Least         | 

Differences  (Column 

s  1 1  and  12)  ar 

e  deduc 

ed  from  the  24 

hourly  photographic  1 

leasures 

of  the  ] 

:)ry-bull.  and  \V 

t-bulb 

Thermo 

meters.     The  results  on  Ju 

}•  2.  4 

19, 

and  30  for  Air  Te 

nperature,  and 

on  Jul 

y  2,  3,  30,  and   3 

I    for  Evaiioration  Te 

mperatu 

e,  depe 

nd  partly  on  v 

tlues  in 

ferred 

rom  eye-observations,  on 

tccoun 

t  of 

accidental  loss  of  ph 

otographic  regi 

ter. 

The 

values  give 

1  in  Colu 

uins  3, 

4.  5'  '4 

'$,  '(> 

and  17 

are  deri\ 

ed  fron 

eye-re 

aduigs  0 

f  self-reg 

istering 

tlurn 

lomcters. 

The  mean  reading  of  the  liuromi-ler  for  the  month  was  29'" -746,  being  o'"-o63  Imner  than  the  average  for  the  20  years,  1854-1873. 

Temi'ekatuke  of  TiiE  Air. 

The  highest  in  the  month  was  R8°-  2  on  July  3 1  ;  the  lowest  in  the  month  was  42° •  6  on  July  8  ;  and  the  range  was  45-  •  6. 

Tho  mean  of  all  the  lii;;best  daily  readings  in  "the  month  was  72° -8,  being  i"-?  Inwrr  than  the  average  for  the  36  years,  1841-1S76. 

The  mean  of  all  the  lowest  daily  readings  in  the  month  was  52°- 1,  being  1°- 1  lowi-r  than  the  average  for  the  36  years,  1841-1876. 

The  mean  daily  range  was  20°-  7,  being  o'-G  Ims  than  the  average  for  the  36  years,  1841-1876. 

The  mean  for  the  month  was  fii"-^.  being  i'- 1  Imnr  than  the  average  for  the  20  years,  1849-1868. 
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Wind  as  deduced  from  Selp-Rebistesinq  Axemometees. 

CLOUDS  AND  WEATHER. 

Osler's. 

BOBIN- 

sos's. 

^  JI(_)N'TH 

— 

and 
DAY. 

.S77. 

General  Direction. 

Pressure  on  the 
Square  Foot. 

1 

> 

1 
1 

A.M.                                                                                           P.M. 

°i| 

3'-< 

A.M. 

P.M. 

0 

£ 
0 

i 

1-1 

S       1    tt 

i 

lb,. 

lbs. 

lbs. 

miles. 

July  1 

Variable 

NNW:  W 

0-4 

O'O 

o-o 

141 

V 

:     V                   :   10,  th.-r 

10,  r                              :     5,  ci,  ci.-s 

2 

W  :   N\V 

W:  WSW 

0-3 

o-o 

0-0 

iqi 

V 

:    10 

9,cu.-s,cu,ci.-cu:     V,  oc.-shs     :    3,cu.-s,ci.-cu 

3 

WSW: SW 

SW 

37 

o-o 

0-4 

339 

0 

:     CU.-S,  cu 

8  ci.-cu,  cu.-s            :   10,  sb.-v,  t 

4 

.SW:  AV 

W:  WSW 

!-3 

O'O 

o-o 

242 

V 

:     4,ci,cu,ci.-cu,th.-r 

4,  cu.-s,  ci.-cu,  cu     :     8,  cu.-s,  ci.-cu 

5 

wsw 

SW 

3-4 

o-o 

o-i 

272 

V 

:     3,  CU.-S,  ci.-cu 

4,cu.-s,ci,ci.-cu,t:v,cu.-s,ci,ci.-cu,sl.-r:   lo,  r,  t,  1 

6 

WSW:  VV:WNW 

w 

27 

CO 

0-1 

240 

6 

:     6,  CU.-S,  cu 

7,cu.-s,cu,ci,h.-r,t,  1:      V                        :    lo 

7 

W  :   NW 

WNW  :  N 

27 

0-0 

0-2 

272 

0,1 

:     8,  cu.-s,cu,  h,sh.-r 

7,cu.-.s,cu,h.-r:     8,  cu.-s          :  8,cu.-s,ci.-cu,r,t,l 

8 

W:  SW:  NW 

NW:  W:  SW 

1-3 

o*o 

0-0 

189 

V 

:     7,ci.-cu,cu.-s,li.-shs 

10,  h.-r                         :   10,  shs.-r 

9 

WSW:   SW 

WSW:  SW 

3-1 

o-o 

0-3 

326 

V 

:   10,  oc.-sl.-r 

10                                 :     V,  ci.-cu,  cu.-s 

10 

SW:   WSW 

WSW 

2-5 

o-o 

0-2 

323 

V 

:      I,  li.-cl 

l,ci                              :    10 

11 

W:   WSW 

W:  WSW:  WNW 

0-8 

0-0 

o-| 

279 

li.-cl 

:    10 

10                     :     V                     :     0 

12 

Variable 

Variable 

0-3 

0-0 

0-0 

.39 

V                   : 

li.-cl             :6,cu.-s,cu,ci.-cu 

6,  eii.-.<,  cii,ci :  5,  cu.-s,  cu,ci:     2,  th.-cl 

i3 

SW:  W 

\y :  SW 

2-8 

o-o 

0-2 

243 

V 

:     9,  b 

8,  cu.-s,  ci,  cu           :     8,  cu,  ci,  r 

14 

SW 

SSAV:  SE 

3-3 

0-0 

0-3 

33 1 

10,  tli.-r 

:    10,  th.-r 

9,ci.-cu,cu.-s,r:   10,  shs.-r       :    10,  b.-r 

i5 

SAV 

SW 

6-3 

0-0 

0-7 

424 

10 

:   10,  w,  h.-.shs 

1 0,  shs.-r,  1,  t :  cu.-s,  ci.-cu,  cu  :     0 

16 

ssw 

SSW 

3-8 

o-o 

0-4 

36 1 

^ 

:    !C,  r 

10,  r               :   10,  shs.-r        :   10,  h.-r 

17 

SW 

WSW 

3-5 

0-0 

1-0 

485 

10,  1- 

:    10 

10                     :   10,  r                 :  7,cu.-s,ci.-cu,cu 

18 

WSW 

^y :  WSW 

1-9 

o-o 

0-3 

042 

V 

:     7,  CU.-S,  cu,  ci.-cu 

7,  cu,ci,  ci.-cu, cu.-s:   10 

>9 

WSW  :  SW 

SW 

2-4 

0-0 

O-I 

223 

10 

:   10 

10,  shs.-r                       :    10 

20 

WSW :  NW 

WNW:  W:  WSW 

3-1 

0-0 

0-2 

365 

V 

:     1 ,  cu,  ci 

6,  cu.-s,  cu  :     V,  cu.-s,  cu    :     3,  th.-cl 

21 

WSW 

WSW:  SSW 

1-8 

o-o 

0-2 

314 

3,  CU.-S 

:     7,  cu,  CU.-S,  ci 

2,  cu,  ci                      :     5,  cu 

22 

S:  SW 

SSW 

07 

0-0 

o-o 

273 

V 

:   10 

10                                 :     2 

23 

SSW 

S  :   SSE 

4-8 

0-0 

0-5 

363 

V 

;   10 

10,  r                             :   10,  c.-r 

24 

SSW:  WSW 

SW:   SSW 

2-3 

o-o 

0-1 

33 1 

10,  1- 

:     8,  CU,  ei.-cu 

7,  ci.-cu,  cu.-s:     V,  so.-ha       :     2,  li.-cl 

25 

SW:   WSW 

W:   SW 

1-3 

0-0 

O-I 

320 

0 

:     5,  cu.-s 

9,  cu.-s,  ci.-cu            :     V,  r 

26 

S:    SW:    XW 

NNAV:  NAV 

3-5 

0-0 

0-3 

357 

10,  r 

:  10,  th.-r 

10                    :     8,  cu.-s,  cu  :     0 

27 

WSW 

WSW:  NW:  N 

0-2 

0-0 

0-0 

23o 

V 

:  10,  h 

9,  cu.-s,  ci.-cu           :     6,  ci.-cu,  ci 

28 

NNW:  WSW 

WSAA^ 

0-3 

o-o 

0-0 

236 

10 

:    10,  sl.-r 

10,  th.-r          :     V                    :  8,cu.-s,ci.-cu,ci 

29 

WSW 

W:  NW 

|-o 

o-o 

O-I 

304 

V 

:     3,  ci.-cu,  ci 

6,  ci.-cu,  cu,  h          :     0 

3o 

WSAV 

AVSAV:  SSW 

0"0 

0-0 

0-0 

203 

0 

:     0,  h,  mt 

0                                 :     0 

3i 

WSW 

SW 

0'3 

0-0 

o-o 

214 

0                   : 

0                     :      I,  ci 

5,  cu,  ci,  ci.-cu          :     6,  cu,  ci,  cu.-s,  1 

Means 

...     i 

0-2 

286 

.Vumber  of 

Column  for 

23 

24 

25 

26 

27 

28 

29 

3o 

Efiference 

The  mean  Temperature  of  Evaporation  for  the  mfenth  was  ;7°- 1,  being  o'-e  lower  than 

^ 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  53^'. S,  being  o°-4  lower  than 

The  mean  Decree  of  Humidity  for  the  month  was  75-0,  being  2-0  greater  than 

•  the  average  for  the  20  years,  i84g-i868. 

The  mean  Elastic  Force  of  Vapour  for  the  montli  was  o'°-4o7,  being  o"'-oo6  less  than 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  4""'  5,  being  o^'-  1  It 

.«s  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  528  grains,  being  the  same  as 

J 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  0  and  an  overcast  sky  by  10)  was  yo.                                                                                                           | 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i) 

was  0*36.     The  maximum  dailj"  amount  of  Sunshine  was  13-  i  hours  on  July  2f. 

The  highest  reading  of  the  Solar  Radiation  Thermometer  was  I44''8  on  July  5  ;  and  the  Ion 

est  reading  of  the  Terrestrial  Radiation  Thermometer  was  35° -8  on  July  8. 

The  mean  daily  distribution  of  Ozone  was,  for  the  1 2  hours  ending  9  a.m.,  2 •  6  ;  for  the  six  hours  ending  3  p.m.,  i  ■  i  ;  and  for  tlie  six  hours  ending  g  p.m.,  1-5.                                 | 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  3,  E.  0,  S.  9,  and  W.  ig. 

The  Greatest  Pressure  of  the  Wind  in  the  month  was  6""- 3  on  the  square  foot  on  July  i;. 

The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month   was   286  miles 

the  greatest  daily  value  was  485  miles  on  July  17  ;  and  the  least  daily  value  139  miles  on  July  12.                                                                                                                                 | 

Rain  fell  on  15  days  in  the  month,  amounting  to  2'"* 45 7,  as  measured  in  the  simple  cylinder 

gauge  partly  sunk  below  the  ground;  being  0'"- 054  yr<;u(cr  than  the  average  fall        ( 

f 

or  the  36  years,  1841 

-1876. 

(xxxviii) 


Daily  Resttlts  of  the  Meteorological  Observations 


Bi&o- 

Tempeeatuei:. 

Tempeeaiuke. 

i  - 

t 

MEIEE. 

Dillerenec  between 

the  Air  Temperature 

and  Dew  Point 

6 

1.1 

Of 

Of  the 

'U--i 

^.B 

or  the  Water 

<r  " 

§5 

Of  the  Air. 

Evapo- 

Dew 

Temperature. 

S.'^ 

of  the  Thames 

.= 

p 

MONTH 
and 

Phases 
of 

•5     " 

ration. 

Point. 

it 

ill 

off  Greenwich. 

0 

0" 

=11 

6 

0 

DAT, 

is;7. 

the 
Moon. 

^ll 

I 

Daily 
Sange. 

Mean 
of  34 
Hourly 

Excess 
of  Mean 

above 

Averase 

of 

Mean 
of  24 
Hourly 

De- 
duced 
Mean 
Daily 

Mean 
Daily 
Value. 

Greatest 

of  1) 

Hourly 
Values. 

Least 
of  34 
Hourly 

1  = 

III 

tr.  -^  B 

*: 

> 

i 

< 

i     I 

p  -"" 

% 

1 

Values. 

ao  Years 

Values. 

Value. 

Values 

II 

sis*  1 

c  -  3 

^ 
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'§ 

1 
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S            h-i 

R 

a 

S 

K 

.3 
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A 
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S 
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° 

" 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

hours. 

houi^. 

In. 

Aug.  I 

2g-6q8 

71-4 

57-1 

14-3 

62-9 

+  0-3 

56-9 

5i-8 

I  !•! 

19-6 

3-4 

68 

123-1 

57-0 

68-1 

65-3 

2-3 

i5-3 

0-0 10 

0-0 

0 

2 

Last  Qr. 

29778 

68-8 

48-3 

20-5 

57-5 

-  5-2 

52-5 

48*0 

9-5 

157 

3-1 

70 

u5-2 

42-7 

68-3 

65-3 

6-1 

1 5-3 

o-o  10 

O'O 

0 

3 

29-827 

69-6 

46-8 

22-8 

56-4 

-6-3 

52-0 

47-9 

8-5 

20-5 

1-8 

7^ 

124-0 

40-3 

68-3 

65-5 

3-8 

i5-2 

0-068 

0-0 

0 

4 

29-869 

7°'9 

01-5 

19-4 

59-5 

-3-2 

54-6 

5o-2 

9"-3 

17-8 

2-0 

72 

I21'2 

5o-i 

67-8 

65-3 

3-2 

i5-2 

0-000 

o-o 

0      1 

5 

Oreati'sl 
Declimitiou  N 

29-897 

787 

52-5 

26-2 

64-5 

+  1-8 

58-5 

53-5 

ii-o 

20-2 

2-2 

67 

I22-0 

46-8 

66-5 

63-8 

10-9 

i5-i 

o*ooo 

1*5 

0      1 

6 

29-778 

79-0 

54-4 

24-6 

66-5 

+  3-8 

58-8 

52-6 

1 3-9 

24-8 

3-8 

62 

1187 

47 '4 

66-3 

64-3 

2-0 

i5-i 

0-020 

8*2 

0 

7 

,  , 

29-476 

71-3 

59-5 

11-8 

63-5 

+  0-8 

6l-2 

59-3 

4-2 

n-3 

0-2 

87 

II8-2 

56-5 

67-3 

65-3 

2-0 

i5-o 

0-324 

4-5 

0 

8 

.. 

29-330 

70-2 

54-5 

157 

60-7 

—  2-0 

58-1 

55-8 

4'9 

12-2 

0-0 

84 

1 19-9 

5o-2 

67-3 

65-3 

6-1 

i5-o 

0-225 

21-7 

o:.sX,sP 

9 

New;  Perigee 

29-464 

73-0 

57-2 

1 5-8 

62-2 

-0-5 

58-8 

55-Q 

6-3 

12-4 

1-9 

80 

123-7 

55-2 

66-9 

65-3 

4-3 

14-9 

o*ii6 

127 

o:sP:o 

10 

29-696 

70-5 

53-7 

16-8 

6i-i 

-  1-6 

57-1 

53-6 

7-5 

i5-i 

i-o 

77 

I  I  8-0 

48-0 

66-9 

65-1 

5-7 

H-9 

0-024 

7-2 

0:  W 

II 

In  Equator 

29-821 

717 

5o-2 

21-5 

59-8 

-  2-9 

55-1 

5i-o 

8-8 

18-2 

1-2 

73 

124-2 

42-8 

66-7 

64-8 

3-6 

14-8 

o*ooo 

0*0 

w  :o  ! 

12 

29-879 

72-8 

49-2 

23-6 

60-3 

-  2-3 

56-0 

52-3 

8-0 

14-8 

2*2 

75 

126*9 

40-5 

66-3 

64-3 

3-9 

147 

0-000 

3-0 

0 

i3 

29-751 

707 

58-5 

12-2 

63-0 

H-  0-5 

59-5 

56-6 

6-4 

i3-i 

'■9 

79 

118-0 

56-1 

67-1 

65-5 

17 

•47 

o-ooo 

0-5 

0 

H 

29-652 

78-7 

58-9 

19-8 

66-7 

+  4-3 

61-4 

57-2 

9-5 

22-6 

0-6 

72 

124-5 

54-2 

68-3 

66-5 

10-1 

14-6 

0-000 

3*2 

0 

i5 

First  Qr. 

29-745 

79-6 

55-1 

24-5 

64-2 
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The  results  apply  to  the  civil  day,  excepting  those  in  Columns  16  and  17,  which  refer  to  the  24  hours  ending  <)^  a.m.  of  the  day  against  which  the  readings  are  placed. 

■J'he  mean  reading  of  the  Barometer  (Column  2)  and  the  mean  temperatures  of  the  Air  and  Evaporation  (Columns  6  and  8)  are  deduced  from  the  photographic  records.    The 

average  temperature  (Column  7)  is  that  determined  from  the  reduction  of  the  photographic  records  from  1849  to  1868.     The  temperature  of  the  Dew  I'oint  (Column  9) 

and  the  Degree  of  Humidity  (Column  13)  are  deduced  from  the  corresponding  temperatures   of  the  Air  and  Evaporation  by  means  of  Glaisher's  Hygrometrical  Tables. 

The  mean  difference  between  the  Air  and  Dew  Point  Temperatures  (Column  10)  is  the  difference  between  the  numbers  in  Columns  6  and  9,  and  the  Greatest  and  Least 

Differences  (Columns  n  and  12)  are  deduced  from  the  24  hourly  photographic  measures  of  the  Dry-bulb  and  Wet-bulb  Thermometers.     The  results  on  August  17, 

23.  24i  and  31  for  the  Barometer,  on  August  17,  19,  and  20  for  Air  Temperature,  and  on  August  19  aud  ao  for  Evaporation  Temperature,  depend  partly  on  values 

inferred  from  eye-observations,  on  account  of  accidental  loss  of  photographic  register. 
The  values  given  m  Columns  3,  4,  5,  14,  ,5,  ,6,  and  17  are  derived  from  eye-readings  of  self-registering  thermometers. 

The  Electrical  Apparatus  was  not  in  action  after  August  16  to  the  end  of  the  year. 

The  mean  reading  of  the  Barometer  for  the  month  was  29'»-  701,  being  o'°-o98  lower  than  the  average  for  the  20  years,  1854-1873. 

Tempeuatuee  of  the  Aib. 

The  highest  in  the  month  was  S^^'s  on  August  20  ;  the  lowest  in  the  month  was  4o'^-s  on  August  24  ;  and  the  range  was  42--8. 

UK  mean  ot  a    the  highest  daUy  readings  in  the  month  was  72°-9,  being  o"-  2  lower  than  the  average  for  the  36  years,  1841-1876.                                                                            ^ 

Ihe  mean  of  all  the  lowest  daily  readings  in  the  month  was  54°-o,  being  o°-9  hi,,/ier  than  the  average  for  the  36  years,  1841-1876. 
The  mean  daily  range  was  i8°-9,  being  I'-o  less  than  the  average  for  the  36  yeirs,  1841-1876. 

The  mean  for  the  month  was  62°- 2.  being  o'-s  higher  than  the  average  for  the  20  years.  1849-186S. 

MADE  AT   THE    EOYAL   OBSERVATORY,    GREENWICH,   IN   THE   YeAR   1877. 
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the  average  for  the  20  years,  1849-18 


The  mean  Temperature  of  Ecaporation  for  the  month  was  57°- 7,  being  o°-2  lower  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  S4°"o,  being  o''-4  lower  than 

The  mean  Degree  of  Humidity  for  the  month  was  74-  9,  being  i  •  6  less  than 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'"-4iS,  being  o'°-oo6  less  than 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  4^'-  6,  being  qS'-  i  less  than 

The  mean  Weight  of  a  Cubic  Foot  oj  Air  for  the  month  was  526  grains,  being  2  grains  less  than 

The  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  o  and  an  overcast  sky  by  10)  was  7-0. 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  0-35.     The  maximum  daily  amount  of  Sunshine  was  10-9  hours  on  August  5. 

The  highest  reading  of  the  Solar  Radiation  Thermometer  was  143°-  7  on  August  16 ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Themwmeter  ws  30^-5  on  August  24. 

The  mean  daily  distribution  of  Osone  was,  for  the  1 3  hours  ending  9  a.m.,  3 - 3  ;  for  the  six  hours  ending  3  p.m.,  1  -  2  ;  and  for  the  six  hours  ending  9  p.m.,  i  ■  2. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  4,  E.  3,  S.  10,  and  W.  14. 

The  Greatest  Pressure  of  the  ^Yind  in  the  month  was  i3"'^-7  on  the  square  foot  on  August  28.     The  mean  daily  Horizontal  Movement  of  the  Air  for  the  month  was 

293  miles;  the  greatest  daily  value  was  573  miles  on  August  28  ;  and  the  least  daily  value  119  miles  on  August  24. 
Rain  fell  on  17  days  in  the  month,  amounting  to  2"'-90S,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground;  being  o'"-S79  greater  than  the  average  fall 

for  the  36  years,  1841-1876. 
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The  results  apply  to  the  civU  day,  excepting  those  in  Columns  16  and  17,  which  refer  to  the  24  hours  ending  g"".  a.m.  of  the  day  against  which  the  readings  are  placed. 

The  mean  reading  of  the  Barometer  (Column  2)  and  the  mean  temperatures  of  the  Air  and  Evaporation  (Columns  6  and  8)  are  deduced  from  the  photographic  records.  The 
average  temperature  (Column  7)  is  that  determined  from  the  reduction  of  the  photographic  records  from  1849  to  1868.  The  temperature  of  tlie  Dew  Point  (Column  9) 
and  the  Degree  of  Humidity  (Column  13;  are  deduced  from  the  corresponding  temperatures  of  the  Air  and  Evaporation  by  means  of  Glaisher's  Hygronielrical  Tables. 
The  mean  difference  bttiveen  the  Air  and  Dew  Point  Temperatures  (Column  10)  is  the  difference  between  the  numbers  in  Columns  6  and  9,  and  the  Greatest  and  Least 
Differences  (Columns  11  and  12)  are  deduced  from  the  24  hourly  photographic  measures  of  the  Dry-bulb  and  Wet-bulb  Thermometers.  The  results  on  September  i 
for  the  Barometer,  on  September  1,  2,  and  21  for  Air  Temperature,  and  on  September  21  for  Evaporation  Temperature,  depend  partly  on  values  inferred  from  eye- 
observations,  on  account  of  accidental  loss  of  photographic  register. 
The  values  given  in  Columns  3,  4,  5,  14,  15,  16,  and  17  are  derived  from  eye-readings  of  self-registeriug  thermometers. 

The  Electrical  Apparatus  was  out  of  action  throughout  the  month. 

The  mean  reading  of  the  Barometer  for  the  month  was  29'" '88;,  being  o'"- 100  liighcr  than  the  average  for  the  20  years,  1 854-1 873. 

TeMPEKAT DRE    OF   THE    AlR. 

The  highest  in  th?  month  was  7,^-4  on  September  1 1  ;  the  lowest  in  the  month  was  33°'^  on  September  25  ;  and  the  range  was  40°- 1. 
The  mean  of  all  the  highest  daily  readings  in  the  month  was  63°-^,  being  4°-4  lower  than  the  average  for  the  36  years,  1841-1876. 
The  mean  of  all  the  lowest  daily  readings  in  the  month  was  45''-2.  being  4°-o  lotpcr  than  the  average  for  the  36  years,  1841-1876. 
The  mean  daily  range  was  i8°- 1,  being  o°-4  Icks  than  the  average  for  the  36  years,  1841-1876. 
The  mean  for  the  month  was  53°-3.  being  4°-2  lower  than  the  average  for  the  20  years,  1849-1868. 


MADE   AT   THE    ROYAL   OBSERVATORY,    GrEENWIGU,    IN   THE    YeAR    1877. 


(xlij 


\Vl»D  AS  DEDUCED  FKOM  SELP-KEOISTKEING  ASEMOMETEBS. 
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The  mean  Temperature  of  Evaporation  for  the  month  was  So°-o,  being  4°-3  lower  than                     -. 
The  mean  Temperature  of  the  Dew  Point  for  the  month  was  46°  8,  being  4° -6  loioer  than                   | 

The  mean  Deqree  of  Humidily  for  the  month  was  79-2,  being  09  lens  than                                           1 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  oi"-32i,  being  o'"-058  less  than                        J"*^^  average  for  the  20  years,  1849-1868. 

The  mean  Weujht  of  Vapour  in  a  Cubic  Fool  of  Air  for  the  month  was  38"  •  6,  being  a^'-6  less  than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  539  grains,  being  ;  grains  yreater  than  J 

The  mean  amount  of  Clouil  for  tlie  mouth  (a  clear  sky  being  represented  by  oand  an  overcast  sky  by  10)  was  6-5. 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  0-28.     The  maximum  daily  amount  of  Sunshine  was  9'8  hours  ou  September  i. 

The   highest  reading  of  the  Solar  Railiatiim  Thermometer  was    i29°-6  on   September  2  ;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Tltermomelcr  was   25°-6on 

September  25. 

The  mean  daily  distribution  of  Ozone  was,  for  the  1 2  hours  ending  9  a.m.,  07;  for  the  six  hours  ending  3  p.m.,  0  •  6  ;  and  for  the  six  hours  ending  9  p.m.,  0  ■  6. 

The  Proportions  of  Wind  rcfened  to  the  cardinal  points  were  N.  11,  E.  6,  S.  5,  and  W.  7.     One  day  was  calm. 

The  Greatest  Presmre  of  the  Wind  in  the  month  was  i3"»-o  on   the  square  foot  on  September  15.      The  mean  daily  Horizontal  Movement  of  the  Air  for  the   month  was 

241  miles  ;  the  greatest  daily  value  was  517  miles  on  September  14  ;  and  the  least  daily  value  68  miles  on  September  27. 

/eain  fell  on  11  days  in  the  month,  amounting  to  i''- 145,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  helow  the  ground;  being  i'"- i^g  less  than  the  average  fall 

for  the  36  years,  1S41-  1876. 

i 

Greenwich  Macnetical  and  Mkteorological  Obsekvations,  1877. 
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Daily  Results 

OF  TUE   MeTEOKOLOGICAL   OBSERVATIONS 
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53-1 
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3-S 
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Sum 
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3'4 
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9 
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'■ 

12 

!o 

>4 

i5 

16 

>7 

18 

'9 

20 

21 

22 

The  results  apply  to  the  civil  day,  excepting  those  in  Columns  16  and  1 7,  which  refer  to  the  24  hours  ending  9''.  a.m.  of  the  day  against  which  the  readings  are  place 

■d. 

The  mean  readitif;  of  the  Barometer  (Column  2)  and  the  mean  temperatures  of  the  Air  and  Evaporation  (Cohimns  6  and  8)  are  deduced  from  the  photopraphic  rccr 

rds.    The 

average  tciiipcraluri-  (Coliinm  7)  is  tliat  deiermineil  from  the  reduction  of  tlie  photographic  records  from  1849  to  1S68.     The  temperature  of  the  Dew  Point  (( 

Mlumn  9) 

and  the  Degree  of  Humidity  (Column  13)  are  deduced  from  the  corresponding  temperatures  of  the  Air  and  Evaporation  by  means  of  Glaislier's  llygrometric 

■1  Tables. 

The  mean  diflereiice  between  the  Air  and  Dew  Point  Temperatures  (Column  10)  is  the  difference  between  the  numbers  in   Columns  6  and  9,  and  the  Greatest 

and  Least 

Dilferenees  (Colunms  1 1  and  12)  arc  deduced  from  the   24  hourly  photographic  measures  of  the  Dry-bulb  and  Wet-bulb  Thermometers.     The  results  on  Octol 

er  23   for 

the  Uarometer,  on  October  17  and  23  for  Air  Temperature,  ;uid  on  October  23,  28,  and  29   for  Evaporation  Temperature,  depend  partly  on  values  inferred 

from  eye- 

observations,  on  account  of  accidental  lo.ss  of  photographic  register. 

The  values  given  in  Columns  3,  4,  j,  14,  15,  i6,  and  17  are  derived  from  eye-readings  of  self-registering  tlienuometcr.-i. 

The  Electrical  Apparatus  was  out  of  action  throughout  the  mouth. 

The  mean  reading  of  the  iiarmmlir  for  the  month  was  29'"-85i,  being  o"'- 131  hiiiltrr  than  the  average  for  the  20  years,  1S54-1873. 

Te-mpekatltje  op  tue  Air. 

The  highest  in  the  month  was  68'-8  on  October  14 ;  the  lowest  in  the  month  was  28°-2  on  October  18  ;  and  the  range  was  4o''-C. 

The  mean  of  all  the  highest  daily  readings  in  the  month  \yas  58^-0,  being  0-4  Ivwcr  than  the  average  for  the  36  years,  1841-1876. 

The  mean  of  all  the  lowest  daily  readings  in  the  month  was  40-' 4,  being  r"4  loner  than  the  average  for  the  36  years,  1 841-1876. 

The  mean  daily  range  was  if-C,  being  f-o  i/reatcr  than  the  average  for"  the  -,f>  years,  1S41-1876. 

The  mean  for  the  month  was  49-'-4,  being  i-'-7  lower  than  the  average  for  the" 20  vears,  1849-1868. 
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The  mean  Temperature  of  Evaporation  for  the  month  was  46°-4,  being  2°-5  lower  than 

-, 

The  mean  Temperature  oftlte  Dew  Point  for  the  month  was  43°"  2,  being  3°'  6  /«()«■  than 

The  mean  Degree  of  Humidity  for  the  month  was  80  •2,  being  j-g  less  than 

■  the  average  for  the  20 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'°-  279,  being  o'"'042  less  than 

years,  1849-1868. 

The  mean  IlViy/if  of  Vapour  i/i  a  Cubic  Foot  of  Air  for  the  month  was  3s"-  2,  being  oS'-4  less 

than 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  543  grains,  being  4  grains  greatct 

than     . 

1            The  mean  amount  of  Cloud  for  the  month  (a  clear  slcy  being  represented  bv  0  and  an  overcast 

sky  by  10)  was  6-3. 

The  mean  proportion  of  SuMsttiiie  for  the  month  (constant  sunshine  being  represented  by  i)  was  0-31.     The  maximum  daily  amount  of  Su7ishine  was  8'o  hours  on  October  20. 

The  highest  rending  of  the  Solar  liadiation  Thermometer  was  1 18°- 1  on  October  6;  and  the  lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  2o'-3  on  October  18. 

The  mean  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  9  a.m.,  22;  for  the  six  hours  ending  3  p.m.,  o-8  ;  and  for 

the  six  hoiu-s  ending  9  p.m.,  0-4. 

The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  6,  E.  2,  S.  10,  and  W.  12. 

One  day  was  cabn. 

j            The  Greatest  Pressure  of  the  Wind  in  the  month  was  23""'  0  on  the  square  foot  on  October 

15.     The  mean  daUy  Horizontal  Movement  of  the  Air  for  the  month  was  301         | 

miles ;  the  greatest  daily  value  was  710  miles  on  October  15  ;  and  the  least  daily  value  75 

miles  on  October  2. 

Rain  fell  on  13  days  in  the  month,  amounting  to  i'°'78i,  as  measured  in  the  simple  cylinder 

gauge  partly  sunk  below  the  gr 

3und  ;  being  !"'•  155  less  than  the  average  fall 

for  the  36  years,  1841-1876. 
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Daily  Results  of  the  Meteorologual  Odservations 
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48-1 

4-9    8-9 

o-ooo 

1-3 

i5 

^n  Equator 

3o-io6 

54-2 

43-1 

1 1-1 

5i-4 

+  9"6 

5o-i 

48-8 

2-6 

6-7 

0-6 

9' 

60-6 

38-0 

49-3 

46-9 

0-0 

8-8 

0-069 

5-2 

i6 

30-128 

58-0 

37-5 

20-5 

01-2 

+  9'6 

49'° 

46-7 

4-5 

11-0 

0-6 

85 

69-8 

3o-8 

49-1 

46-3 

11 

8-8 

0-010 

4-0 

•7 

30-209 

49-8 

3 1-9 

•7-9 

-39"9 

-  1-6 

38-5 

36-7 

3-2 

9-9 

0-0 

89 

62-9 

27-8 

49".-3 

46-8 

i-o    8-7 

o-ooo 

0-0 

i8 

29-944 

5o-i 

36-,^ 

i3-8 

44-3 

+  2-8 

42-9 

41-2 

3-1 

6-5 

0-5 

89 

6i-8 

3i-4 

48-3 

46-3 

0-7 

8-7 

o-ooo 

1-8 

■9 

29-665 

49-4 

33-6 

i5-8 

43-0 

+  1-6 

4i"9 

40-6 

2-4 

5-5 

0-2 

9' 

70-3 

28-6 

47-3 

45-3 

0-7 

8-6 

o-23o 

5-2 
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Full 

29-462 

447 

35-6 

9-1 

39-9  1—  1-4 

37-9 

35-4 

4-5 

9-0 

17 

84 

74'4 

3i-o 

47-3 

45-3 

2-6 

8-6 

0-000 

0-0 

^'1 

29"494 

52-0 

34-0 

18-0 

427'+  1-5 

41-0 

40-1 

2-6 

6-2 

0-0 

90 

02-5 

3o-2 

45-5 

44-3 

0-0 

8-5 

o-i34 

6-8 

22  1 

Gre.it<>-t 
n.-.liiiati..ii  N. 

29-061 

55-2 

42-7 

12-5 

48-1    4-  7-0 

45-3 

42-2 

0-9 

11-8 

'■9 

81 

8o-i 

3g'5 

45-3 

43-8 

2-0 

8-5 

o-o68 

7-0 

23 

29-370 

48-1 

37-0 

III 

43-6 

+  2-6 

39-5 

34-6 

9-0 

12-4 

4"i 

7 ' 

77-0 

33-0 

45-3 

43-8 

5-4!  8-4 

o-ooo 

5-2 

24 

2q-2  1  1 

42-8 

34-6 

8-2 

•39-4 

-  1-6 

38-7 

37-8 

1-6 

•^■9 

0-0 

94 

47-2 

29-1 

45-3 

43-3 

0-0  1  8-4 

0-689 

i-o 

251 

29-350 

42-7 

33-0 

97 

38-9 

—  2-0 

36-4 

33-1 

5-8 

11-9 

1-0 

81 

53-8 

28-0 

44'9 

42-7 

2-4'  8-3 

0-000 

3-0 

26 ! 

29-678 

48-2 

01-9 

16-3 

40-4 

-0-4 

39-2 

377 

27 

6-7 

0-3 

90 

70-3 

27-1 

44-5 

42-7 

o-g     8-3 

0-033 

1-5 

27 

.ast  QiLinor. 

29-082 

52-5 

42-0 

10-5! 

48-1, +  7-3 

46-7 

45-2 

2-9 

5-8 

0-4 

go 

68-0 

39-0 

44-3 

42-1 

0-3  ,   8-2 

0-368 

5-2 

28 

29-086 

46-8 

38-5 

8-3 

42-3    +  1-4 

40-1 

37-4 

4"9 

9-9 

••4 

84 

76-0 

35-0 

43-8 

41-3 

5-6    S-2 

o-ooo 

2-2 

29  I 

n  Equator 

28-810 

48-9 

36-9 

12-0 

44''  1  +  -^-i 

42-0 

39-5 

4-6 

6-6 

2-2 

83 

59-5 

33-0 

44-3 

4'7 

i-o    8-2 

0-3  ig 

4-5 

3o 

28-920 

47-0 

38-2 

8-8 

42-0   +  0-8 

40-1 

37-7 

4-3 

6-6 

1-5 

86 

74-2 

33-6    43-3 

40-8 

2-1  t  8-1 

o-ooo 

4-5 

Means 

29-016 

01-8 

39-1 

12-7 

46-0 

^'^■2> 

44-1 

4i'9 

4"' 

8-3 

1-0 

86-2 

717 

34-4 

48-6 

46-6 

'•9 

8-8 

Sum 

3-52g 

4"9 

Xumberof 

Column  for            I 
Rcrcrcncc 

2 

3 

4 

1 

5 

6           7 

8 

9 

10 

1 1 

12 

i3 

•4 

i5 

16 

•7 

18 

'9 

20 

21 

22 

The  results  apply  to  the  civil  day,  excepting  those  in  Cohiiuus  16  and  17,  which 

efer  to  the  24  hours  ending  9 

'  a.m.  of  the  day  against  which  the  readings  are  plac 

.        1 

Tlie  mean  reading  of  the  Barometer  (Column  2)  and  the  mean  temperatures  of  the  Air  and  Evaporation  (Columns  6  and  8)  arc  deduced  from  the  photographic  records.     The      | 

avera^rc  temperature  (Column  7)  is  that  determined  from  the  reduction  of  th 
and  the  Dep-ee  of  Iluundity  (Column  1.?)  are  deduced  from  the  correspond 

e  photographic  records  from  1 

849  to  1868.     The  temperature  of  the  Dew  Poiut  (C 

>)lumn  9) 

ng   temperatures  of  the  Air 

ind  Evaporation  by  means  of  Claishcr's  Ilygrometric 

al  Tables. 

■I he  mean  .lillercnce  between  the  Air  and  l)c»  Point  Temperatures  (Column 

10)  is  the  diHereuee  betweei 

the  numbers  in  Columns  6  and  9,  and  the  Greatest 

nnil  Least 

DiflFcrcnces  (f:olumiis  11  and  12)  are  deduced  from  the  24  hourly  pliotograpl 

ic  measures  of  the  ])ry-bulb 

and  Wet-bulb  Thermometers.     The  results   on  Ni» 

ember  11,    . 

22,  and  25  for  Air  Temperature,  and  on  November  1 1  for  Evaporation  Temp 

eratiire,  depend  partly  on  vali 

es  inferred  from  eye-observations,  on  aceouul  of  accii 

ental  loss 

of  photographic  register. 

The  values  given  in  Columns  3,  4,  5,  14,  ij,  ,6,  and  17  are  derived  from  eye-reai 

ings  of  self-registering  thernio 

meters. 

The  Electrical  Apparatus  was  out  of  action  throughout  the  month. 

The  mean  reading  of  the  liarumeUr  for  the  mouth  was  29"'-5i6,  being  o"'-25S  /<> 

vcr  than  the  average  for  the  2 

3  years,  1854-1873. 

TEMI-EKATtnE   OF    TlIK    All!. 

The  highest  in  the  month  was  58'-;  on  Xorcmber  8;  the  lowest  in  the  mimtl 

1  was  _^i'^-ij  on  November  1 7  : 
liiijliir  than  the  average  for  tl 

mi  lb  ;  and  the  range  was  2f)  '8. 

The  mean  of  all  the  highest  daily  readings  in  the  month  was  ^i°-8.  being  2"-( 

e  36  years,  1841-1S76. 

The  mean  of  all  the  lowest  daily  readings  in  the  month  was  ?9'-i,  being  1-7 

lihjlicr  than  the  average  for  th 

e  36  years,  1841-1876. 

The  mean  daily  range  was  12° -7,  being  1^-2  </renier  than  the  average  for  the 

36  years,  1841-1876. 

Ihe  mean  tor  the  month  was  46°- 0,  being  fi^  hiqhvr  than  the  average  for  th 

e  20  years,  1849-1868. 

MADE   AT  THE    RoYAL   Or.SEUVATORY,    GREENWICH,   IN   THE    YeAK    1<S77. 
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MONTH 

aiul 
DAY, 

1877- 


Nov.  I 


AVIND  AS  DEDUCED  FKOM  .SEI.F-KEOISTEUIXG  ANEMOMETERS. 


General  Direction. 


CLOUDS  AND  WEATHER. 


19 


W  :  ^VSW 

SW  :   S 

WSW:  NW 

SSW:  SSK:  S 
SSW:   SW 

SSW 

SSW:   W 
SW:   WSW 

SSW 

SSW 

SSW  :   S 

WSW:SW:SSW 

SSW:  SW:  WSW 
WSW 
SSW 

SSW:    SW 

SW 
SE:  SSAV 

SW:  S 

WSW 

WSW:  SW 

WSW 

w 

SW:   E 

N"  :  NNW 
SW:   S 

S:  SW 

WSW 

S:   SSW 
S:  SW:  WSW 


NW:  SW 

SSW:   S 
NW:  SW 

S:  SSW 
WSAV:  SW 

SSW 

WSW:  SW:  SSW 

WSW:  SW:  SSW 

SSW  :   SW 

SSW 

SSAV 

SSW  :  SSE 

SAV 

SW  :   S:   SSW 
SSAV 

NAV  :  SW 
E 

SW  :  NAV 

SSW  :  AVSW  :  AV 
NW  :  WNW  :  WSW 

S  :   SAV 


2*2 

1-8 

3-5 
2-6 
6-3 

7-0 
o-g 
;  I '5 

14-3 

32-6 

7-0 

0-5 

0-4 
7-2 

2-6 

O'O 

0-8 


AVSAV  17-2     0-8 

AVSAV  19-5    o-o 

E:  NE  II-5    o-o 


Means 


NW:  W:AVSW 

SSW:   S 
SW:   SE:  W 

SAV:  S 

WSW:  SW:  S 

SW 


24 


0-0 

O'O    5'4 
O'O     o'7 


25 


260 
204 
258 


240 
38o 
537 

35 1 
241 
535 

568 

725 
36o 

218 
i85 

445 

3i9 

96 

241 

329 

427 
423 

784 
710 
353 

377 
277 
309 

379 
439 
372 


0,  mt 
o 

1,  cu 


10 


9  :  cu.-s,ci.-cu,h  :     o,  f,  sl.-mt 

9,  cu.-.s,  ci.-ci:,  cu    :    10,  oc.-r 

6,  CM 


yv,  h.-r,  t,  1, 

V 

10,  li.-r,  w 

V 

o,  li.-d,  mt 


V,  h.-fr 

O 

10,  r,  g 
V,  g 
to,  th.-cl,  lu 

10,  st.-w 

V 

10,  r 

10 
V,  th.-r,  w 


.-ha 


6,  ci.-cii,  cu,  h 

7,  ci,  cu,  ci.-cu 
10,  r 

10,  r 

6,  ci.-cii,  c\i 
10,  r,  w 

vv,  sqs,  slis.-r,  w 
10,  th.-r,  w 
V,  .'_ihs.-r 

6,  cii.-s,  ci.-cu,  cu,  h 
I,  t;  h.-fr 
10,  r 


9,  cu,  ci.-cu,  f 


6,  ci,  ci.-cu,  sl.-r 
V,  sl.-r 
9,cu,ci.-cu,cu.-s,sl.-r 

:7,cu.ei,ci.-cu,cn.-s,oc.-sl.-r,st.-\v 
:      o,  st.-w 
:   10,  oc.-th.-r 

2,  ci.-cu,  h.-fr,  li 

:     9 

:     9,  li.-cl 

:     7,  ci,  ci.-s,  so.-ha 
:   10,  r,  st.-w 
:     3,  cu 


7,  cu,  ci.-cu,  cu.-s 
6,  c'u.-s  :     o 

10,  r  :    10,  r 

10,  oc.-r  :     V 

6,  cu,  cu.-s  :     o 
10,  c.-r,  w 


1,  li.-cl,  d 
10,  oc.-r 


o,  mt,  h.-(l 
:    10,  oc.-r 


V,  sl.-r,  1,  w 


8,cu.-s,ci.-cu,hl,h.-r,  1:     v,  li.-shs 
10,  r,  g  :    10,  r,  h.-g,  fr.-h.-sqs 

,(■11, iii.-s,ii.-cM, ci.-s, sli.-r  :  vv,  shs.-r 
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V,  ci.-cu,  h   :     o,  mt 
I,  ci,  ci.-s     :     o 
10,  sl.-r  : 


o,  mt,  h.-d 
,ci.-cu,cu.-s,lu.-co 


,s%  th.-cl,  CU  :     o,  h.-fr,  sl.-f 

5,  f               :  i,h.  f           :     6,  f,  1 

ci,  ci.-s  :     o 

10,  r                :  10,  r                 :     v,  d 

V,  ci,  CU.-S,  h:  o                     :     o 

10,  r  :    10,  h.-shs,  st.-w 

4,cu,ci,ci.-cu,cu.-s,sl.-r,st,-w  :   v,  ci.-cu,  shs.-r,  st.-w 

3,  cu,  w  :     5,  th.-cl,  lu.-ha 

10,  c.-r           :  1  o,  h.-r,  st.-w  :    10,  r,  st.-w 

5,  th.-cl  :     o,  mt,  h.-fr 

7,  ci,  ci.-cu,  cu.-s:  10,  r                :   lo,  c.-r,  w 

8,cu,cu.-s,ci.-cu:  10,  h.-r           :   10,  oc.-th.-r 


1,  Ci  :      I,  Cl 

8,cu,ci, ci.-cu:     o 
8,cu.-s, ci.-cu.,  th.-r  : 


V,  d,  th.-r 
V,  r 


3o 


the  average  for  the  20  years,  1 849- 


The  mean  Temperature,  of  Evaporation  for  the  month  was  44°- 1,  being  2"'-9  higher  than  ~| 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  41°' 9,  being  2° -6  hiyher  than  ' 

The  mean  Degree  of  Humidity  for  the  month  was  86-  2,  being  i '  i  less  than 
The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'"  •  266,  being  o'"  •  026  greater  than 
The  mean  Weight  of  Vapour  in  a  Cubic  Foot  cf  Air  for  the  month  was  .^f"'  i,  being  0^-3  greater  than  | 
The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  540  grains,  being  9  grains  lets  than  J 

1  lie  mean  amount  of  Cloud  for  the  month  (a  clear  sky  being  represented  by  o  and  an  overcast  sky  by  10)  was  6- 1 . 
The  mean  proportion  of   Sunshine  {or  the  month  (constant  sunshine  being  reprtbeuted  by  i)  was  0-22.     The  maximum   daily  amount   o(  Sunshine  was  5-6  hours  on 

November  28.  ^ 

The  hio-hest  reading  of  the  Solar  Radiatimi  Thermometer  was  96^-8   on  November  8;  and  the   lowest  reading  of  the  Terrestrial  Radiation  Thermometer  was  24-4  on 

November  4. 
The  mean  daily  distribution  of  Ozone  was,  for  the  12  hours  ending  g  a.m.,  3-6  ;  for  the  six  hours  ending  3  p.m.,  o-8  ;  and  for  the  six  hours  ending  9  p.m.,  0-5. 
The  Proportions  of  Wind  referred  to  the  cardinal  points  were  N.  2,  E.  1,  S.  ij,  and  W.  12. 
The  Greatest  Pressure  of  the  Wind  in  the  month  was  32""- 6  on  the  square  foot  on  November  1 1.     The  mean  AoWj  Horizontal  Movement  of  the  Air  for  the  month  was 

378  miles  ;  the  greatest  daily  value  was  7S4  miles  on  November  22  ;  and  the  least  daily  value  96  miles  on  November  1  7. 
linin  fell  on  18  days  in  the  month,  amounting  to  3'°"  529,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground ;  beinp  i'"-329  greater  than  the  average  fall 

for  the  36  years.  1S41-1876. 


Daily  Kestjlts  of  the  Meteorological  Observations 
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Dec.   I 

29-141 

44-0 

35-7 

8-3 

42-0 

+    0-5 

41-0 

39-8 
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5-1 

0-9 

92 

5i-7 
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8-1 

o-35i 

2-0 

2 

29783 
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41-3 
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29-820 
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2-2 

85 

49'9 

26-4 

42-3 

40-3 

0-0 

7-8 

0-006 

2-0 

16 

50-147 

48-6 

42-9 

5-7 

46-1 

4-   5-3 

44-2 

42-0 

4"i 

6-1 

2-0 

87 

53-6 

39-3 

41-1 

39-3 

0-0 

7-8 

O'OOO 

0-0 

17 

00-193 

48-3 

43-8 

4"^ 

46-1 

+   5-6 

44-2 

42-0 

4"« 

5-7 

2-6 

S7 

5o-5 

40-6 

41-1 

39-3 

0-0 

77 

0-000 

o-c 

iS 

3o-335 

44-2 

30-9 

i3-3 

40-7 

4-  0-5 

39-1 

37-1 

3-6 

6-6 

0-0 

87 

51-7 

25-4 

41-8 

40-3 

1-5 

77 

0-000 

1-0 

'9 

30-400 

39-2 

29-7 

q-5 

33-2 

-  6-8 

33-1 

02-9 

0-3 

4*4 

o-o 

99 

43-2 

25-0 

41-8 

40-3 

0-0 

77 

0-000 

0-0 

20 

Gre)ite»t 

Vtx.  N.:  Fall. 

30-473 

43-5 

38-1 

5-4 

40-5 

+  0-7 

40-2 

39-9 

0-6 

2-6 

0-0 

98 

48-3 

38-0 

41-8 

40-3 

0-0 

77 

0-034 

0-0 

21 

3o-323 

44-8 

39-3 

5-5 

42-2 

4-   2-6 

41-5 

40-7 

1-5 

3-5 

0-0 

94 

48-6 

38-8 

41-8 

40-3 

0-0 

77 

o-ooo 

0-0 

22 

3o-o82 

49-3 

41-8 

7-5 

40-8 

+  6-4 

44-6 

43-2 

2-6 

4-6 

0-0 

9' 

53-2 

3S-6 

42-3 

40-3 

0-0 

77 

O-QOO 

1-3 

23 

Perigee 

29-898 

49-2 

35-5 

1 3-7 

43-1 

4-  3-8 

40-3 

36-9 

6-2 

iro 

17 

79 

56-2 

29-4 

42-3 

40-3 

2-1 

77 

0-025 

3-7 

24 

29-666 

45-9 

33-6 

12-3 

39-7 

4-  0-4 

36-4 

32-1 

7-6 

12-8 

4-0 

75 

5o-3 

29-3 

427 

40-8 

0-0 

77 

0-000 

0-0 

25 

29-550 

38-3 

28-9 

9-4 

33-6 

-  5-6 

32-3 

29-9 

3-7 

6-0 

0-0 

87 

56-5 

26-0 

42-5 

40-3 

3-4 

77 

0-000 

0-0 

26 

In  Equator 

29-218 

38-5 

297 

8-8 

34-6 

-  4-5 

33-0 

30-4 

4-2 

9"9 

o-o 

84 

55-7 

28-0 

42-3 

40-3 

3-7 

7-8 

0-0 1 5 

0-0 

27 

Last  Qr. 

29-460 

37-4 

297 

77 

33-6 

-  5-4 

3i-3 

27-1 

6-5 

9-8 

4'' 

76 

49'6 

24-0 

41-1 

39-3 

1-8 

7-8 

o-ooo 

0-0 

28 

29-Soo 

38-9 

28-7 

10-2 

33-0 

-  5-8 

3i-6 

28-8 

4-2 

9-5 

0-0 

84 

49-0 

24-0 

40-5 

38-8 

0-6 

7-8 

0-357 

o-o 

29 

29-525 

54-4 

38-9 

i5-5 

477 

4-  9-0 

46-5 

45-2 

2-5 

4-8 

0-0 

92 

71-3 

35-0 

40-1 

38-1 

0-6 

7-8 

0-140 

0-5 

3o 

29-519 

5 1 -5 

45-7 

5-8 

49-2 

4-10-7 

48-1 

46-9 

2-3 

3-8 

i-o 

92 

55-7 

417 

40-8 

38-1 

o-o 

7-8 

0-173 

1-5 

3i 

29-870 

44-1 

32-8 

II-3 

41-0 

4-   2-7 

38-3 

34'9 

6-1 

8-8 

3-0 

79 

57-0 

28-8 

41-3 

38-5 

2-8 

7-8 

0-000 

0-0 

Moans 

29-860 

45-5 

35-5 

1 0-0 

41-0 

4-    0-2 

39"4 

37-3 

3-6 

6-8 

1-2 

87-3 

55-8 

3i-8 

42-4 

40-4 

0-9 

7-8 

Sum 

1-764 

0'9 
21 

X.miliirnf 
roliimiifcir 
Ui-fi-rcncc-. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

l3 

•4 

10 

16 

17 

18 

«9 

20 

22 

The  results  apply  to  the  civil  day. 

excepting  those  in  Columns  16  and  17, 

which  refer  to 

the  24  h 

ours  en 

3ing  9''  a.m.  of  the  day  against 

which  the  readings  are  plae 

yi. 

The  mean  reading  of  the  Barom 

ter  (Column  2)  and  the  mean  temperat 

ures  of  the  Air 

and  Eva 

loratior 

(Columns  6  and  8)  are  deduce 

d  from  the  photographic  rec 

ards.     The 

average  temperature  (Columi 

1  7)  is  thai  determined  from  the  rediict 

im  of  the  phot 

^graphic 

records 

from  1849  to  1868.     Thetemj 

jeraturc  of  the  Dew  Point  ( 

Column  9) 

and  tlie  DcLTee  of  Humidity 

(Column  13)  are  deduced  from  the  ci 

rresponding  te 

mperatur 

es  of  th 

e  Air  and  Evaporation  by  mean 

s  of  Gliiisher's  Hypiometri 

cal  Tables. 

The  mean  (lifference  between 

the  Air  and  Dew  I'oint  Temperatures 

(Column  10)  i 

K  the  difl 

erence 

jetween  the  ntmibers  in  Coluiir 

ns  6  and  9.  and  the  (ireatist 

and  lyeast 

Differences  (Columns  11   anc 

12)  are  deduced  from   the   24  hourly 

photographic  i 

neasures 

of  the 

Dry-bulb  aud  Wet-bulb  Thennc 

meters.     The  results  on  D 

cembcr  28 

and  29  for  the  Barometer,  on 

December  8  and  25  for  Air  Tempera 

ure,  and  on  D 

ecember 

8  for  1 

.vaporation  Temperature,  dcpei 

id  partly  on  values  inferred 

from  eye- 

observations,  on  account  of  a 

ccidental  loss  of  photographic  register. 

Tlie  values  given  in  Columns  3,  4 

5,  14,  i;,  lO,  and  17  .ire  derived  from 

eye-readings  of 

self-rcgi 

itcring 

thermometers. 

The  Electrical  Apparatus  -wan  out 

of  action  throughout  the  month. 

The  mean  reading  of  the  Barome 

cr  for  the  month  was  29'" -860,  being  0' 

'  ■  069  hit/her  th 

an  the  av 

erage  ft 

r  the  20  years,  1854-1873. 

Temperature  op  tuk  Air. 

« 

The  highest  in  the  month  wa 

s  ss^-o  on  December  (> ;  the  lowest  in  t 

le  month  was  - 

8°-7  on 

Decern 

)cr  28  ;  and  the  range  was  26°- 

V 

The  mean  of  all  the  highest 

daily  readings  in  the  month  was  45"^-;, 

X'ing  o°-8  liii/h 

er  than  t 

ic  avera 

ge  for  the  36  years,  1841-1876. 

The  mean  of  all  the  lowest  d 

ally  readings  in  the  month  was  35-' -5,  hi 

ing  o''-2  liiyhct 

than  the 

averag 

e  for  the  36  years,  1841-1876. 

Tlie  mean  daily  range  was  ic 

)°-o,  being  0'^-  7  ijreatrr  than  the  averag 

c  for  the  36  yea 

rs,  1841- 

1876. 

The  mean  for  the  month  was 

4r-'-o,  being  0^-  2  hiijher  than  the  aver* 

ge  for  the  20  > 

ears,  184 

9-1 80S 

MADK  AT  THE   RoYAL   OBSERVATORY,   GREENWICH,   IN   THE   YeAR   1877. 
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MONTH 
and 
DAT, 

1S77. 


Dec. 


Wind  as  deduckb  fkom  Self-eegisteius<}  Anemometee3. 


General  Direction. 


Me.ms 


NNE: NE 
NNE : NE 

XNE:  N 

NNW:  N 
SE:  SSE:  S' 

WSAV  :  SW 
W:  WSW:  SW 

SSW:  S 

SE:  E 

W:  SW 

SSW:  SW 

SW  :  WSW 

WSW:  W 

WSW 

WSW 
NW:  W:  WSW 

NNW:  N 

W.SW:  SW 
•  SE 
S:  WSW 

SSW 

WSW:  NNW 

WSW 

W:  WSW 

NE:  W:  WSW 

WNW 

W:  WSW 

S  :  SW 
WSW:  SW 

NW 


N 
NE:  NNE 

NE:  NNE 

N 

N:  S:  SSE 

SSW:  SW:  WSW 

SSW:  NW 
WSW  :  SW 
SSW:  SSE 

ESE:  ENE:  W 

SW  :  SSW 
WSW 

WSW 

NW:  WSW 

SW 

W:  WNW:  NW 

WSW:  W:  WNW 
N:  WSW 

SW 

SE:  S:  SW 
SW:  SSW 

SW 

NW:  W:  WSW 

NW:  WNW 

WSW:  SW:  SSW 

w 
w 

SAV:  SSE:  S 
WSW 

SSW  :  SW 

NW:  W 


24 


Pressure  on  the 
Square  Foot. 


3-2 
I  ro 


i-g 

O'O 

o-o 

O'O 

6-1 
5-5 
i3'6 

0-6 
6-0 
I -5 

2-2 

2-5 
8-5 

8-6 


26 


gwi 


I '9 


0-4 


27 


3oi 
28 


.+6 
273 
270 

2o3 
142 
425 

325 
243 
196 

141 

206 

577 

349 
291 
304 

457 
272 
204 

ii3 

67 
i3o 

408 
385 
6o5 

236 
376 
364 

260 
421 
426 

5o5 


10,  r 


h.-fr 

V,  r,  st.-w 

V,  li.-r 
V,  b.-fr 
V,  h.-fr 


tb.-f 
10,  f 


V,  sl.-r 

V 

V,  h.-fr 

V 

V,  h.-fr 

V,  h.-fr 
10,  r 

V 

10,  st.-w 


CLOUDS  AND  WEATHER. 


10,  h.-r,  gt.-glm 
8,  cu.-s,  cu 
10,  iii.-r 

10,  oc.-in.-r 
10,  m.-r 
10,  r,  st.-w 

2,  ci.-s,  so.-ha 
I,  ci 


9,  ci.-cu,  cu.-s,  h.-fr 

4,  ci,  sl.-f 

9,  ci.-cu,  cu.-s 

I,  ci 

7,  cu,  ci.-cu,  h.-fr,  mt 


o,  h 


5,  ci,  ci.-cu  :     v,  ci.-cu,  cu.-s,  mt 

3,  cii,  ci,  ci.-s:  vv,  sl.-r      :     i,  cu.-s,  d 

10,  ni.-r  :   10,  m.-r 

10  :   10,  fr.-m.-r 

10  :   10 

v,cu,ci.-cu,li.-shs:  v,  tli.-r         :     o 

9,  th.-cl            :  10,  r              :   10,  r 

V,  ci.-cu  :   lo,  sn.-r 

5,  cu,  ci,  cu.-s  :     o,  h.-fr 

10  :     O5  h.-fr,  f 

10,  mt               :  10                  :   10,  r 

6,  cu.-s,  ci.-cu:  I,  ci            :      i,  ci.-cu 

8,  th.-cl  :      I,  th.-cl,  mt,  h.-fr 

5,  th.-cl,  mt  :     o,  mt,  h.-fr 

10  :    10,  Ih.-r 


2,  th.-cl,  mt 

5,ci.-s,cu.-s,ci. 

-cu,mt:     0, 

th. 

-f,  h.-(l,  h.-ir 

10,  th.-f 

10,  th.-f 

:   10, 

f,  m.-r 

10,  f,  m.-r 

10,  m.-r 

10,  m.-r 

10 

1 0,  m.-r 

10,  m.-r 

:   10, 

m. 

-r,  mt 

10 

10,  w 

:   10. 

th 

-r,  w 

5,  th.-cl,  so.-ha 

g,  th.-cl 

:      I, 

ci. 

cu,  h.-fr 

10,  st.-w 

V,  ci.-eu,  st.-w 

:     0,  w 

0 

8,  ci.-cu,  h.-fr 

8,cu,  ci.-s,  th 

-cl,mt:   10 

10,  sl.-sn 

I,  ci,  ci.-cu 

:     4 

I ,  cu.-s,  h.-fr,  mt 

4,  cu,  ci.-cu. 

ci.-s    :     0 

5,  cu,  ci.-s,  h.-fr 

10 

:   10,  su 

10,  r 

10,  th.-r 

10,  th.-r 

:     V 

2,  cu.-s 

10,  m.-r 

10,  m.-r 

:   10,  m.-r 

:    10,  h.-r,  w 

o,  h.-fr 


29 


■  the  averagu  for  the  30  years,  1849-1S 


The  mean  Temperature  of  Evaporation  for  the  month  was  39°*4,  being  o°- 1  higher  than 

The  mean  Temperature  of  the  Dew  Point  for  the  month  was  ^j"-  3,  being  o°'  i  loioer  than 

The  mean  Degree  of  Humiditii  for  the  month  was  8t 3,  being  o-j  less  than 

The  mean  Elastic  Force  of  Vapour  for  the  month  was  o'""223,  being  o'"-ooi  leas  than 

The  mean  Weight  of  Vapour  in  a  Cubic  Foot  of  Air  for  the  month  was  2S"-6,  being  the  same  as 

The  mean  Weight  of  a  Cubic  Foot  of  Air  for  the  month  was  552  grains,  being  i  grain  greater  than  _ 

The  mean  amount  of  Cluud  for  the  month  (a  clear  sky  being  represented  by  o  and  an  overcast  sky  by  10)  was  7-1. 

The  mean  proportion  of  Sunshine  for  the  month  (constant  sunshine  being  represented  by  i)  was  o- 12.     The  maximum  daily  amount  of  Sunshine  was  3  •  7  hours  on  December  26. 

Thehij;hest  reading  of  the  Solar  liadiatwn  Thermometer  was  Tf-o  on  December  6  ;  and  the  lowest  reading  of  the   Terrestrial  Eadiatian  Thermometer  was  24°-o  on 

December  27  and  28. 
The  mean  daily  distribntion  of  Ozone  was,  for  the  1 2  hours  ending  9  a.m.,  o  •  7  ;  for  the  six  hours  ending  3  p.m., o-o;  and  for  the  six  hours  ending  9  p.m.,  0-2. 
The  proportions  of  Wind  referred  to  the  cardinal  points  were  N.  6,  E.  2,  S.  9,  and  W.  1 4. 
The  Greatest  Pressure  of  the  Wind  in  the  month  was  i3""-6  on   the  square  foot  on  Decembei'  24.     The  mean   daily  Horizontal  Movement   of  the  Air  for  the  month  was 

301  miles  ;  the  greatest  daily  value  was  6oj  miles  on  December  24 ;  and  the  least  daily  value  67  miles  on  December  20. 
Rain  fell  on  17  days  in  the  month,  amounting  to  i'"-7C4,  as  measured  in  the  simple  cylinder  gauge  partly  sunk  below  the  ground;  being  o'"'04i  less  than  the  average  fall  lor 

the  36  years,  1841-1876. 
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Maxima  and  Minima  Barometer-Readings, 


Highest  and  Lowest  Readings  of  the  H.uioJiETEr 

,  reduced  to 

32=  Fahrenheit,  as  extr. 

icted  from  the  Photogr-U'Hic  Eecouds. 

MAXIMA. 

MINIMA. 

MAXIMA. 

MINIMA. 

Approximate  Greenwich 

Approximate  Greenwich 

Approximate  Greenwich 

Approximate  Greenwich 

Me.in  Solar  Time, 

Reading. 

Mean  Solar  Time, 

Reading. 

Mean  Solar  Time, 

Reading. 

Mean  Solar  Time. 

Reading. 

1877. 

1877. 

.877. 

.877. 

d        h       m 

in. 

d       h       m 

January         0.  21.  3o 

28-568 

a         h       in 

in. 

,\       h      m 

April              4.    3.  40 

28-800 

J.anuary          2.    4.  10 

29  "585 

4.    1.40 

28  -983 

April 

7.21.    0 

29  -534 

9.  18.  45: 

2g  -3i5 

4.  23.    0 

29  -083 

5.    6.  40 

29  -018 

11.  23.  20 

29  -901 

12.  23.  i5 

2g  -800 

5.  20.  3o 

29  -169 

6.  II.    0 

28-886 

14.   12.      0 

3o  -023 

17.    6.  10 

29  -375 

7.21.20 

29  -395 

8.    4.  3o 

29-283 

19.  22.     0 

3o  -084 

23.    3.    0 

2g  -380 

9.  14.    0 

29  "895 

10.  18.    0 

29-451 

26.  1  1.    0 

29  -810 

27.  22.    0 

29  -535 

12.  23.    0 

29-911 

14.    8.    0 

29  -38o 

May 

1.  !0.  10 

30-240 

May                g.    3.  5o 

29  -3i3 

i5.    9.    0 

29-972 

18.  17.    0 

29-594 

9.  2  1.  l5 

29-410 

10.  17.    0 

29  -295 

20.  22.    0 

3o  -499 

23.  17.  3o 

29  -870 

1 3.    g.    0 

29  -56o 

14.    2.3o: 

29  -455 

24.    6.    0 

3o  -060 

25.    3.  20 

29  -406 

i5.  21.  3o 

29  -gSo 

17.    6.    0 

29  -485 

26.  14.    0 

3o  -045 

27.    2.    0 

29  -925 

17.  23.  3o 

29  -832 

19.     1.  25 

29  -Sgo 

27.  II.  3o 

3o  -092 

28.     i.5o 

29-710 

24.21.    0: 

3o  -070 

28.    2.3o 

29-076 

28.  22.45 

3o  -014 

29.  22.    0 

29  -i5o 

3o.  10.    0 

29  -505 

3o.  21.  3o 

29  -395 

3o.  23.  3o 

29-947 

3i.    8.3o 

29  -523 

February       0.  i5.    0 

29-725 

June               I.    0.    0 

29-245 

February        i.  14.    0 

29  -936 

2.    7.    0 

29-800 

June 

2.    3.    0 

29-753 

3.    6.    0 

29  -535 

[  2.  22.    0 

3o  '093 

3.  16.    0: 

29-875 

3.  1 8.  40 

29  -634 

4.    8.  20 

29  -5ii 

4.  12.    0 

3o  -222 

7.    3.  5o 

29  '944 

5.  10.  5o 

29  -932 

6.    8.    0 

29  -740 

7.  20.  10 

3o  -044 

9.  20.    0 

29  -708 

7.    9.    0 

3o  -065 

8.    7.50 

29-828 

10.  11.    0: 

29  -807 

10.  21.  3o 

29  -63i 

8.23.    0 

29  -970 

12.    3.  i5 

29  -666 

11.12.    0 

29  -785 

12.    3.  10 

29  -459 

i5.  11.    0: 

3o-020 

17.    4.20: 

29  -848 

14.  9. 3o; 

29  -865 

1 5.  16.  40 

29  -504 

19.  1 1.    0 

29  -951 

22.    7.    0 

29-377 

17. 21.  0 

29  -935 

ig.  ig.  10 

28  -845 

24.  18.  3o 

3o  -006 

26.    5.    0 

29  -903 

21. 20.  0 

29-912 

22.  10.  20: 

29  -505 

27.  20.    0 

3o  -100 

July               5.  17.    0 

29  -670 

23.    9.    0 

29  -795 

2.").  18.  10 

28  -955 

July 

8.23.    0 

3o  -i55 

14.  14.30 

28  -960 

March            0.  20.  00 

3o  -236 

March            4.    2.    0; 

29  -654 

18.  10.  40 

29-727 

19.  14.40 

29  -098 

4.22.    0 

29-746 

5.    6.    0 

29  -695 

20.  10.  40 

29-877 

23.  14.    0 

29  -290 

').  23.     0 

29  -745 

7.    .3.    0 

29  -145 

25.    8.  00 

29  -822 

25.  19.    0 

29  -575 

10.  22.     0 

3o  -083 

12.  i5.  40 

29  -535 

27.  19.    0 

3o  -025 

28.    .5.  3o 

29  -940 

1 4.  1 3.  3o 

29-789 

16.    3.    0 

29  -345 

29.  22.    0 

3o-i35 

August           0.  15.40 

29  -63o 

17.  22.     0: 

29  -008 

20.  i5.  3o 

29  -o55 

August 

4.  22.  3o 

29-g23 

8.  i3.    0 

29 '297 

22.   12.      0; 

29  -665 

24.  16.  3o 

28  -701 

11.  18.  46 

29  -906 

14.    4.    0 

29  -6i5 

3o.  I  4.  So 

29-957 

i5.    9.    0 

29  -800 

AT  THE  Royal  Observatory,  Gkeen\yic'h,  in  the  Year  1877. 


(xlix) 


HiGiUvST  aud  Lowest  lvi;\mNtis  ol'  the  UjUtoiiETER,  reduced  to  32°  Fahrenheit,  as 

extracted  from  the  Photo(;uai'hic 

Records — contimicd. 

MAXIJIA. 

MINIMA. 

MAXIMA. 

MINIMA. 

Approximate  Greenwich 

Approximate  Greenwich 

Approximate  Greenwich 

Approximate  Greenwich 

Mean  Solar  Time, 

Reading. 

Mean  Solar  Time, 

Beading. 

Mean  Solar  Time, 

Reading. 

Mean  Solar  Time, 

Reading. 

1877. 

1877. 

1S77. 

1877. 

d       h      m 

in. 

d       h       m 

August         1 6.    5.    0 

29  -730 

d        1,      m 

in. 

d      h      m 

in. 

August         17.21.    0 

29-895 

November      0.  23.    0 

3o  -245 

19.    0.    0 

29  -600 

November     2.  14.    o; 

29  -695 

19.  10.     0 

29  7i5 

3.    9.    0 

29-958 

20.  19.  25 

29  -363 

4.  i3.  3o; 

29  -532 

2  1.     7.30 

29  -542 

5.    8.    0 

2g  -705 

21.  2  1.  3o 

29  -435 

6.  17.    0: 

29  -432 

23.21.     0 

00  -027 

8.    6.    0 

29  -705 

25.  i5.    0 

29-217 

10.    4.    0: 

29-194 

26.    9.  35 

29  -810 

10.  12.    0 

29-269 

28.    2.20 

29-512 

11.  12.  10 

28-547 

28.  23.    0 

29  -845 

14.21.    0 

3o-i68 

00.    3.    0 

29  -666 

i5.  18,    0 

30-02  2 

September     0.21.    0 

29  '936 

16.  1 1.    0 

3o  -288 

September     2.  19.30: 

29  -485 

19.  22.  40 

29  -38o 

4.  10.    0 

3o  "192 

20.  1 5.  3o 

29-667 

6.  19.    0: 

29  -665 

22.  11.  10 

29  -o3i 

g.  21.    0 

29  -855 

23.  10.    0 

29  -363 

11.    4.    0 

29  -552 

24.    8.    0: 

28  -905 

12.23.     0 

29  -860 

25.  11.    0 

29  -849 

i3.  i5.  20 

29  -710 

27.    6.  40 

28  -871 

14.    7.    0 

29-820 

27.  22.  20 

29  -120 

14.  21.    0 

29-615 

28.21.    0 

28  -664 

i5.  22.    0 

30-173 

December      2.  22.    0 

3o  -on 

16.    6.  3o 

3o  -o85 

December      6.    2.3o; 

29  -283 

17.  1 3.    0 

30-190 

8.  i3.3o 

3o  -108 

20.  18.    0 

29-585 

10.    2.    0 

29795 

26.  22.    0 

3o  -230 

10.  23.    0 

29  -940 

October          2.  i5.    o". 

29-813 

11.21.    0 

29  -563 

October         5.2  2.    0: 

3o  -497 

12.    9.  3o 

29  -830 

7.  22.    0 

29  '980 

i3.    3.    0 

29-715 

8.  22.    0 

3o-i5o 

14.  22.    0 

3o  -374 

10.  16.  45 

29  -622 

16.    2.40 

3o  -080 

12.    8.    0 

29  -880 

16.  21.  40 

3o  -25o 

14.  14.    0 

29  -3i5 

17.    7.    0: 

3o  -160 

17.    9.    0 

3o  -225 

19.21.    0 

3o  -5i5 

23.    4.    0 

29  -180 

22.  17.  3o 

29  -723 

24.    2.    0 

29  -385 

23.  10.    0 

3o  -045 

25.     2.     0 

29  -042 

24.    i.3o 

29  -449 

26.  10.    0 

29-810 

24.  14.    0 

29  -653 

27.     4.     0 

29-670 

25.  22.    o; 

29  -160 

28.    8.    0 

29-979 

27.  22.     0 

29-875 

29.    6.  3o: 

29  -395 

29.    1.    0 

29  -446 

29.  22.  i5 

29-725 

29.  20.     0 

29  -635 

3o.    5.  20 

29  -470 

3o.  11.    0 

29  -260 

The  readings  in  the 

above  table  are  accurate,  but  the  times  ar 

e  liable  to  some  uncertainty.      The   time  g 

ven  is  the  middle  of  the  stationary  perio 

1.     The 

symbol  :  denote 

s  that  the  reading  has   been  sensibly  the 

same   through  a  period  of  more  than  one 

hour.      The  readings  at  June  i"".  j"".  o".. 

August 

23''.  21''.  0".,  an 

I  September  0''.  21''.  0".,  are  taken  from  th 

a  eye  observations,  on  account  of  accidental 

interruption  of  the  photographic  registratit 

m. 

Greenwich  Magketical  axd  Meteorological  Observations,  1877. 


(I) 


Absolute  Maxima  axd  ^Iixima  Barometer  Eeadixos.  axd  Moxtht.y  Meteorological  Meajn's, 


Absolute  Maxdca  and  Minima  Readings  of  the  Babometer  for  each  Month  in  the  Year   iS 
TExtracted  from  the  preceding  Table.] 


1S7;, 
MONTH. 


Readings  of  the  Barometer. 


Janu.ary.  . 
February. 
March  .  .  . 
April.  .  .  . 

May 

June  .... 

July 

August. .. 
September 
October . . 
November 
December 


00  -499 

3o  -222 

3o  "236 
3o  -084 
3o  -240 

3o  MOO 

3o  MoS 

3o  "027 
3o  '230 
3o-497 
30-288 
3o  "oiS 


28  -568 
28-845 
28  -701 

28  -800 
2g  -076 

29  -245 

28  -960 
29-217 

29  -485 
29  -042 

28  -547 

29  -160 


Eange  of  Keadinj 
in  each  Month. 


1  -gji 
I  -377 
I  -5.15 
.  -284 
1-164 
o  -855 
1-195 
o-8io 

0  -745 

1  -455 
1  -741 


The  highest  reading  in  the  year  was  3o'°-5i5  on  Decemher  20.  The  lowest  reading  in  the  year  was  28'''-S47  on  November  12. 

The  range  of  reading  in  the  year  was  i'''-968. 


AT   THE    ROVAL   OBSERVATORY,   GREENWICH,    IN   THE   YeAR    1877. 


(li) 


Monthly  Results  of  Meteorological  Elements  for  tlic  Year  187 


(lii) 


Hourly  Photographic  Values  of  Metkorological  Elements, 


MoNTULT  jMean  Eeadixg  of  tlie  Baeometek  at  every  Hooi  of  the  Day,  as  deiUicetl  from  the  PnoTOGE.vpmc  Recokds, 

for  the  Year  i 

877- 

Hour, 
Greenwich 

1877. 

Yearly 

Mean  Solnr 

Means. 

Time  (Civil 
reckoning). 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

Midnifrht 

29-669 

29749 

29-594 

in. 
29-600 

in. 
29-726 

29-839 

in. 
29-753 

29-704 

in. 

29-890 

29-849 

29-527 

in. 
29-842 

29-728 

I*",  a.na. 

29-666 

29747 

29-589 

29-698 

29-723 

29-834 

29-748 

29-696 

29-887 

29-847 

29-522 

29-841 

29-726 

2      ,> 

29-671 

29-746 

29-684 

29-596 

29718 

29-829 

29740 

29-692 

29-887 

29-843 

29-622 

29-843 

29-722 

•5      ,> 

29-668 

29-739 

29-578 

29-694 

29713 

29-828 

29737 

29-688 

29-879 

29-840 

29-519 

29-847 

29719 

4      „ 

29-662 

29-736 

29-574 

29*692 

29709 

29-829 

29-738 

29-686 

29-876 

29-837 

29-616 

29-842 

29-716 

5      „ 

29-662 

29734 

29-576 

29-693 

29-710 

29-835 

29-740 

29-688 

29-876 

29-841 

29-615 

29-837 

29-717 

6     „ 

29-662 

29-732 

29-577 

29-698 

29-712 

29-841 

29747 

29-694 

29-880 

29-846 

29-621 

29-838 

29-721 

7      „ 

29-664 

29-731 

29-683 

29-603 

29-716 

29-847 

29-762 

29-701 

29-888 

29-866 

29-526 

29-844 

29-726 

8      ,, 

29-668 

29-740 

29-587 

29-606 

29718 

29-862 

29-766 

29-704 

29-893 

29-866 

29-534 

29-853 

29-731 

9      >' 

29-670 

29745 

29-594 

29-608 

29717 

29-864 

29-768 

29-707 

29-897 

29-867 

29-539 

29-864 

29-735 

lO       „ 

29-670 

29-753 

29-696 

29-608 

29-716 

29-865 

29-755 

29-708 

29-899 

29-868 

29-640 

29-873 

29-737 

II      i> 

29-674 

29-761 

29-591 

29-606 

29-716 

29-853 

29-767 

29-706 

29-897 

29-868 

29-540 

29-872 

29737 

Noon 

29-664 

29761 

29-689 

29-699 

29-707 

29-844 

29-755 

29704 

29-892 

29-860 

29-531 

29-862 

29-731 

i"".  p.m. 

29-655 

29-756 

29-683 

29-692 

29-703 

29-807 

29-761 

29701 

29-888 

29-801 

29-522 

29-865 

29-726 

2         ;, 

29-653 

29-762 

29-577 

29-687 

29-699 

29-836 

29747 

29-702 

29-883 

29-843 

29-616 

29-856 

29-721 

3      „ 

29-654 

29747 

29-569 

29-676 

29-694 

29-830 

29-741 

29-696 

29-878 

29-840 

29-610 

29-869 

29-716 

4     » 

29-658 

29749 

29-667 

29-674 

29-692 

29-828 

29-738 

29-696 

29-876 

29-836 

29-607 

29-864 

29-715 

5     „ 

29-663 

29-755 

29-667 

29-676 

29-689 

29-827 

29-735 

29-696 

29-875 

29-838 

29-606 

29-871 

29-716 

6     „ 

29-667 

29-763 

29-573 

29-679 

29-690 

29-829 

29-736 

29-696 

29-879 

29-847 

29-602 

29-874 

29-720 

7           5) 

29-676 

29-767 

29-680 

29-086 

29-692 

29-833 

29739 

29-704 

29-888 

29-861 

29*498 

29-877 

29-724 

8      „ 

29-680 

29-769 

29-684 

29-696 

29-698 

29-838 

29-743 

29-712 

29-896 

29-862 

29-498 

29-879 

29729 

9      » 

29-684 

29-773 

2g-683 

29-600 

29-706 

29-849 

29-748 

29-714 

29-898 

29-864 

29-498 

29-882 

29732 

lo      „ 

29-686 

29-771 

29-584 

29-603 

29-708 

29-866 

29-760 

29-716 

29-900 

29-867 

29-496 

29-881 

29-734 

I)      ,, 

29-688 

29770 

29-584 

29-607 

29-707 

29-866 

29-746 

29-716 

29-899 

29'856 

29-494 

29-882 

29734 

Means 

29-668 

29-762 

29-682 

29-596 

29-707 

29-840 

29-746 

29-701 

29-887 

29-861 

29-616 

29-860 

29-720 

M 

JNTIILT  M 

EAN  TeMI 

•ERATUEE 

of  the  Air 

.  at  every 

Houit  of 

the  Day, 

IS  deduced  from  the  Photographic  Records  for  the 

Yeai 

I  1877. 

1877. 

Greenwich 

Yearly 

Means. 

Mean  Solar 

Timi!  (Civil 
reckoning). 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

0 

0 

J, 

^ 

^ 

^ 

g 

J, 

,0 

Q 

Q 

^ 

Midnight 

41-6 

42-6 

38-4 

43-2 

447 

55-4 

56-6 

58-0 

49-5 

46-8 

44-8 

39'9 

46-8 

i"".  a.m. 

41-3 

42-8 

38-3 

42-8 

44-3 

54-6 

55-9 

67-5 

49-1 

46-3 

44-3 

39-9 

46-4 

2       » 

41*0 

42-6 

38-1 

42-7 

45-8 

54-1 

55-4 

07-2 

48-6 

46-7 

44-1 

397 

46-1 

■5      „ 

41-0 

42-6 

37-8 

42-5 

43-3 

53-7 

64-9 

67-2 

48-3 

40-4 

43-8 

39"9 

45-9 

4      .. 

40-9 

42-4 

37-7 

42-2 

43-1 

53-5 

54-5 

57-0 

48-1 

44"9 

43-8 

39-8 

45-7 

S      „ 

41-0 

42-2 

37-3 

42-2 

43-5 

64-2 

64-5 

67-0 

48-0 

44-6 

44-2 

397 

40-7 

6      „ 

41-0 

42-3 

37-1 

42-6 

44'9 

55-9 

65'9 

67-4 

48-1 

44"4 

43-7 

39-5 

46-1 

7      " 

41-0 

42-2 

37-3 

44-0 

47-3 

69-0 

58-6 

59-1 

49"4 

44-6 

43-9 

39-5 

47-2 

8      ,, 

41-3 

42-6 

38-8 

46-5 

49-8 

62-3 

61-2 

62-1 

52-0 

46-9 

44-5 

39-4 

48-8 

9      » 

41-9 

43-5 

40-9 

47-2 

5 1-6 

65-0 

63-5 

64-1 

64-7 

49-1 

45-7 

40-0 

5o-6 

lO       „ 

43-3 

44-3 

427 

48-6 

53-5 

67-, 

65-1 

65-9 

57-4 

52-1 

47-5 

41-1 

52-4 

■  I       » 

44-6 

46-5 

44-3 

49"4 

64-1 

68-3 

66-3 

67-8 

58-2 

54-2 

487 

42-3 

53-6 

Noon 

45-7 

46-5 

46-6 

6o"i 

64-8 

70-2 

67-5 

68-6 

69-3 

55-3 

49*4 

43-1 

54-7 

l''.  p.m. 

46-2 

47-0 

46-1 

00-7 

65-3 

71-0 

67-9 

68-7 

59-8 

55-9 

497 

43-8 

55-2 

2        „ 

46-5 

47-6 

46-1 

61-4 

56-8 

71-5 

68-7 

68-8 

60-2 

55-9 

497 

43-8 

55-5 

3      „ 

46-0 

47-3 

46-7 

5 1-2 

55-4 

72-0 

68-5 

68-5 

59"9 

55-1 

49'3 

43-4 

55-2 

4      >. 

45-1 

46-6 

44'9 

49-8 

54"9 

70-9 

68-0 

67-7 

58-9 

53-9 

48-1 

42-7 

64-3 

5      „ 

44-3 

45-7 

43-8 

49'° 

64-0 

69-7 

67-2 

66-3 

67-0 

62-4 

47-2 

42-1 

53-2 

6      ,, 

437 

45-0 

42-4 

47-6 

52-6 

67-5 

65-4 

64-8 

55-2 

60-7 

46-6 

41-4 

61-9 

7      » 

43-4 

44-2 

41-2 

46-4 

5o-8 

64-8 

63-6 

62-4 

53-4 

497 

46-8 

41-1 

5o-6 

8      „ 

42"9 

43-3 

40-4 

46-4 

48-9 

6i-5 

6i-5 

60-5 

Srg 

48-9 

46-2 

40-6 

49-3 

9      .. 

42-2 

42-7 

39'9 

44-6 

47-3 

69-3 

69-5 

59-3 

50-9 

48-. 

44-9 

40-3 

48-2 

10       „ 

41-8 

42-4 

39-6 

43-9 

46-4 

57-6 

58-5 

58-5 

60-2 

47-6 

447 

40-1 

47-6 

1 1      v 

417 

42-2 

39-3 

43-4 

45-7 

56-5 

67-6 

67-8 

49'9 

47-4 

44-6 

39"9 

47-2 

Means 

42-9 

44-0 

41-0 

46- 1 

49"4 

62-3 

61-5 

62-2 

53-3 

49-4 

46-0 

41-0 

49-9 

AT  THE  Royal  Observatory,  Greenwicit,  in  the  Year  1877. 


niii) 


MoxTULY  Mean  TtsiPHRATtiRE  of  Evatouation  at  every  Hour  of  the  Dat,  as  deduced  from  the  PnoxoGRAPnic  Records  for  the 

Year  1877. 

Hour. 
Greeinviih  " 
Jlcan  Solar 
Time  (Civil 
reckoning). 

1877. 

January. 

February. 

Marcli.          April. 

May. 

June. 

July. 

August.     September.    October.    November. 

Jecember. 

Yearly 
Means. 

Midnight 
i"".  a.m. 
2     ,, 
■3     V 

4  " 

5  „ 

6  „ 

7  „ 

8  „ 

9  >. 
10     „ 

I  >          !1 

Noon 
ill.  p.m. 

2  ), 

3  „ 

4  » 

5  „ 

6  „ 

7  .' 

8  „ 

9  >' 
10     „ 

II  n 

40'5 
40-3 
40-0 
40-0 
39-8 

39-9 
40-0 
40- 1 
40-4 

40"9 
42*0 
427 
43-4 
43-9 
43-9 
43-6 
42-9 
42-4 
42-1 

417 
41-3 
407 

40-4 
40-3 

41-0 
41-2 

40-9 
40-8 

4fo 
40-8 
40-8 

40-8 

40-9 
4r6 
42*0 
42'5 
43-0 
43-2 
43-5 
43-3 
42-8 
42-4 
42*0 
41-6 
4fo 
407 
40- 6 
40-5 

0 
37-1 
37-0 
36-9 
36-8 
36-6 
36-4 
36-1 
36-2 
37-2 
38-5 
39-5 
40*5 
41-1 
41-4 
41-5 
41-4 
4r2 
40' 6 
397 
39-2 
38-6 
38-3 
38-0 
37-8 

4t-5 
41 '3 

4I-I 

41-0 

40-9 

40-8 

41-1 

42-0 

43-0 

44-0 

44-5 

45-1 

45-5 

45-8 

46-2 

46-0 

45*5 

45*0 

44"4 

437 

43-0 

42-5 

42-0 

417 

427 
42-5 
42*2 
42-0  • 
417      1 
42-0 
43-i 
44-6 

45-9 

47 -o 

477 
48-1 
48-5 
487 
487 
487 
48-2 
47-8 
47-2 
46-0 
45-4 
44-6 
44-1 
43-6 

527 
52-2 

5i-8 
517 
5i-3 
52-0 
53-1 
04-8 
56-3 
57-9 
587 
Sg-i 
59-9 
6o-3 
60-4 
6o'4 
6o-i 
59-6 
587 
57-6 
56-2 
55"  I 
04-2 
53'5 

54"9 
54-4 
54-1 
53-q 
53-3 
53-4 
54-4 
55*9 
57-3 
58-1 
58-8 

59-4 
59-9 
6o-3 
60-4 

6o'2 

6o-3 
59-9 
59-1 
58-2 
56-8 
56-4 
o6-o 
55-5 

5§-o 

56-0 
558 
55-8 
55-5 
55-5 
557 
56-8 
58-3 
59-2 
59-6 
6o-2 

6o"2 

6o-3 
6o-3 

6o'2 

6o-o 
59'3 
587 
577 
56-8 
56-2 
55-9 
55'6 

47-8 
47-6 
47-3 
47-1 
47-1 
46-8 
46-9 
48-0 
497 
51-4 
52-5 
53-1 
53-6 
53-6 
53-8 
53'4 
52-8 

52-0 

5ro 
5o"i 

49"4 
48-8 

48-4 
48-2 

45-1 

447 
44-3 
44-0 
43'5 
43'2 
43-1 
43-1 
44"  2 
46-5 
48-2 
49 '4 
49'9 
5o-2 
5o-i 
497 
49"  I 
48-4 
47-5 

46-9 
46-5 
46'o 
45-6 
45-4 

43-4 
43-0 
42-8 
42-6 
427 
42-9 
42-5 
427 
43-1 

43-9 
45*1 

45-9 
46-3 
46-4 
46-3 
46- 1 
45-4 
44'9 
447 
44' I 
43-6 
43-4 
43-3 
43-4 

38-6 
38-5 
38-4 
38-5 
38-6 
38-6 
38-4 
38-3 
38-3 
387 
39-5 
40-4 
40-9 

41-2 

41-2 

4r-o 
40-5 
40-2 
39-8 
39-6 
39-2 
39-0 
38-8 
38-6 

45-1 

44'9 
44-6 
44-0 
44-3 

44-4 
44-6 
45-3 
46'2 

47-3 
48-2 

48-9 
49'4 
49-6 
497 
49-3 
49-1 
48-5 

47-9 
47-2 
46-5 
46-0 
45'6 
45 '3 

Means 

41-4 

41-6 

38-6 

43-2 

45'5          56'2 

57-1 

5-7 

5o*o 

46-4 

44-1 

39-4 

46-8 

iloNTHLY  Mean  Tempekatuke  of  the  Dew  Point  at  every  Hour  of  the  Dat,  as  deduced  by  Glaisher's  Tables  from  the 
corresponding  Aik  and  Evaporation  Temperatures,  for  the  Year  1877. 

Hour, 
Greenwich 
Mean  Solar 
Time  (Civil 
reckoning). 

1877. 

January. 

February. ,    March. 

i 

April. 

May. 

June. 

July.         August. 

September 

October. 

November 

December. 

Yearly 

Means. 

Midnight 
i\  a.m. 

2  „ 

3  „ 

4  » 

5  „ 

6  „ 

7  )' 

8  „ 

9  - 

10  „ 

1 1  „ 
Xoon 
i''.  p.m. 

2  5, 

3  „ 

4  ,5 

5  „ 

6  „ 

7  ). 

8  „ 

9  .. 
10     „ 

>  I     i> 

0 
39-1 
39-0 
387 
387 
38-4 
38-5 
387 
38-9 
39-3 
397 
40-4 
40-5 
40-8 
4i"3 
40-9 

40'9 
40-4 
40' I 
40*2 
397 
39-4 
38-9 
387 
38-6 

39-1 
39-3 
38-9 
38-8 
39-3 
3q"l 
39-0 
39' I 
38-9 
39-4 
39-3 
39'o 
39'i 
38-9 
39'o 
38-8 
38-6 
38-6 
38-5 
38-5 
38-3 
38-3 
38-4 
38-4 

35-3 
35'2 
35-3 
35-4 
35'o 
35-2 
347 
347 
35- 1 
35'4 
35-6 
36-1 
35-9 
36-0 
36-2 
36-6 
36-8 
36-8 
36-4 
367 
36-3 
36-2 
35-9 
35-8 

39-5 
39-5 
39-2 
39-2 
39-4 
39-1 
39-3 
39-6 
40-1 
40-4 
40-1 
40'5 
40-6 
40-8 
40-8 
40-6 
40-9 
407 
40-9 
407 
40-3 
40-0 

397 
397 

40-3 
40-4 
40-2 
40-4 
400 
40-2 
40-9 

4r6 
41-8 
42-3 
4i'9 

42-2 

42-5 
42-4 
42-0 
42-3 
41-8 
417 
41-8 
42*0 
4r6 
4r6 
41-5 
41-2 

5o'i 
49'9 
49"5 
49-8 
49-6 
49-8 
00-5 
oro 
5i-5 

521 

52'0 

5r9 

52-0 
521 
52-0 

517 

5i-8 
5i-8 
517 
5f6 
517 
5i-4 
5i-i 
5o7 

53-4 
53-0 
52-8 
52'9 

521 

52-3 
53-0 
53-5 
53-9 
53-5 
537 
53-8 
53-9 
54-3 
53-9 
537 
54-2 
54-1 
54-0 
537 
527 
537 
53-8 
53-6 

54°2 
54-6 
54-5 
54-5 
54-2 
54-2 
54-1 
547 
55'o 
55' I 
54-5 
54-2 
537 
537 
53-6 
537 
53-9 
53-6 
537 
537 
53-6 
53-5 
53-5 
53-5 

46'0 
46-0 
45-8 
45-8 
46'o 
45-5 
45-6 
46-5 

47-4 
48-3 
48-0 
48-5 
48-6 
48-2 
48-1 

477 
47-3 

47-4 
47-0 
46-8 

46-9 
46-6 
46-5 
46-4 

43-2 
42-9 
427 
42-4 
42-0 
41-6 
41-6 
41-4 
42"3 

437 
44-2 

447 
44-8 
44'9 
447 
44-6 

44"4 
44-3 
44-1 
43-9 
43-9 
437 
43-4 
43-2 

4I°8 
4i'5 
41-2 
41-2 
41-4 
41-4 
411 
41-3 
41-5 
41-9 
42-5 
42-9 
43-0 
42-9 
427 
427 
42-4 
42-0 
42-6 
42-1 
417 
417 
417 
42-0 

36°9 
367 
367 
367 
37-0 
37-2 
37-0 
367 
36-9 
37-0 
37-5 
38-1 
38-3 
38-2 
38-2 
38-2 
37-9 
37-8 
37-8 
377 

37-4 
37-3 
37-1 
36-9 

43-2 
43-2 
43'o 
43'o 

42"9 
42-8 
43-0 
43-2 
43-6 
44' I 
44' I 
44-4 
44"4 
44-5 
44'3 
44-3 
44-2 
44-1 
44-1 
43-9 

437 
43-6 

43-4 
43-3 

437 

Means 

396 

38-9 

35-8 

40-1 

41-4 

5i-i 

53-5 

54-1 

47-0 

43-4 

42-0 

37-4 

(liv) 


HoriDITY,    SrXSniNE,    AXD    EAKTII    TEMrERAXURE, 


MuKTIIH 

Mean  Degrke  of  LIu.MiDixr  at  every  lluun  of  the  Day,  a.s  deJuceil  by  Glajsiiek 

s  Tables  from  the  corresponding  xVu:  and 

Evaporation  Temperatures,  for  the  Year  1877 

1877. 

Hour, 

Greenwich 

Mean  Solar 

Time  (Civil 
reckoning). 

January.     February. 

March. 

April. 

May. 

June. 

July.         August. 

September. 

October. 

November 

December. 

Yearly 
Means. 

Midnight 

! 

!            92 

87 

89 

87 

85 

83 

89               87 

89 

88 

89                90 

88 

i''.  a.m. 

92 

87 

89 

88 

86 

84 

90               qo 

90 

89 

90                89 

89 

2       » 

92 

87 

90 

87       j       87 

84 

9>              9' 

9' 

90 

9° 

qo 

89 

3     „ 

92 

87 

92 

88       ;       90 

86 

93       1       91 

92 

89 

90 

89 

90 

4     » 

9" 

89 

91 

qo 

8q 

86 

92             90 

93 

90 

9' 

90 

90 

5     » 

9' 

89 

92 

89 

88 

85 

92       i       90       1 

9' 

89 

90 

9« 

90 

6     „ 

92 

88 

91 

88 

87 

83 

qo        '        8q        1 

92 

90 

90 

91 

8q 

7     „ 

93 

89 

90 

84 

81 

75 

83       ;       86 

9° 

89 

90             90 

87 

8      „ 

93 

87             87 

82 

74 

68 

77              78       1 

84 

87 

89             9' 

83 

9     .. 

93 

85              82 

78 

7« 

63 

70 

73 

78 

82 

87             90 

79 

lO       „ 

qo 

82              77 

72 

65 

58 

67 

67     ! 

7' 

75 

84             87 

75 

I  >           X 

86 

78              72 

72 

64 

55 

64 

62 

7> 

70 

81              86 

72 

Noon 

84 

76              70 

7° 

63 

52               62 

58 

68 

68 

79       !       83 

69 

1^.  p.m. 

84 

74             69 

69 

62 

5i       t       62 

58 

66 

67 

78              80 

68 

2       „ 

82 

73             69 

67 

60 

5o       i       59 

58 

64 

66 

77              80       j       67       1 

•3      •, 

83 

73             71 

67 

62 

49       1       59 

59 

64 

68 

78             81 

68 

4     .. 

I       84 

74             73 

72 

61 

5i 

61 

61 

66 

70 

81              84 

70 

o      „ 

85 

77              76 

72 

63 

53 

63 

64 

7° 

74 

84             86 

72 

6     „ 

87 

78              80 

78 

67 

57 

67 

67 

74 

79 

87              88 

76 

7     ,. 

87 

80             84 

81 

73 

62 

71 

73 

78 

81 

87     :     88 

79 

8      „ 

87 

82 

86 

83 

76 

71 

73 

78 

83 

83 

88              89 

82 

9     >. 

88 

85 

87 

84 

81 

7^ 

82 

82 

86 

85 

89             90 

84 

lO       „ 

90 

86 

87 

85 

84 

79 

84 

■84       1 

88 

86 

89             90 

86 

1 1      „ 

90 

87 

88 

87 

85 

81 

86 

86       I 

88 

86 

91              90 

87 

IMcans  .... 

89 

83       :       83 

80 

7^ 

68 

76 

76 

80 

81 

86       i       88              80 

Total  j 

Amount  of  .Sinshixe  registered  in  each  Hock  of  the  Day  in  each  Month,  as  derived  irom  the  Records  of  Campi 
SELF-REGisTEitrxG  Instkument,  for  the  Yeae  1877. 

ell's 

Registered  Duration  of  Svuishiue  iu  the  Hour  ending,' 

Total           Correspond- 

Mean 

iS"" 

registered 

mg  aggre- 
gate Period 
during  which 
the  Sun  was 

Altitude 

Month. 

e 

e       s 

1 

s       a       i 

2 

B 

S 

S 

£ 

s 

S 

J 

Duration 

of  Sunshine 

iu  each 

of  the 

Sun 

a 

a            = 

".    \    ~.    '  -■ 

"      1     0 

d. 

^ 

^ 

c. 

a 

d. 

=7 

Month. 

Horizon. 

at  Noon. 

<> 

0              "i^ 

&    1  ^      - 

1:    1   ^ 

"- 

« 

'"> 

"•* 

io 

fe 

■"'- 

i      ^ 

h 

b 

h            h 

h 

h 

h 

h 

h 

h 

b 

>> 

h 

"      1 

h 

h                   0 

January  .  . . . 

\ 

1 

.. 

0-7 

2-9 

4-8 

4'7 

4-3 

1-3 

_ 

,.87 

259" 1             18 

February  .  .  . 

.. 

0-2 

1-8 

3-9 

4-3 

4-6 

7-5 

8-0 

5'2 

0-9 

36-4 

277'9 

26 

Marfli 

1-2 

5-0 

II-6 

12-6 

14-0 

11  '7 

12-3 

io'6 

8-7 

6-0 

4'4 

0'  2 

99 '3 

366-9 

3? 

A|.ril 

3-8 

5-8 

7"°     9'4 

8-7 

8-2 

6-8 

8-7 

5-6 

3-4 

2-9 

I  '5 

71-8 

414-9 

48 

May 

0*1 

6-0 

II-2 

12-5 

11-3    13-4 

i3-2 

I2"I 

II  -1 

12'2 

"■9 

io*9    lo'i 

7'7 

3-4 

147   1 

482-1 

57 

JiU.L-    

IO'2 

17-2 

2o'5 

21-9     22-6 

21-4 

2I'0 

22-3 

20-4 

20-8 

20'9    i8-7 

i8-5 

IO-7 

267-1 

494-5 

62 

July 

6-8 

i5"3 

i5'g 

i5-2    i5'4 

i5'o 

i5"o 

l3-8 

14-4    514-0 

I2-I      9-9 

9-8 

4-6 

177-2 

496-8 

60 

1 

Au;;u<t  .  . . 

1 

0-7 

8-6 

II-8 

14'5    i7"3  |i5'3 

17-3 

14-8 

i4'3 

i4'5 

lO'O 

"■4 

7'4 

0-7 

i58-6 

449' I 

52 

>S(>|)t('m1)cr  . 

'•9 

5-3 

8-7    12-6    12-3    II-8 

I2'5 

i3-8 

9'7 

9-2 

6-6 

1  -2 

io5-6 

376-9 

4' 

OctolMT  .  .  . 

'      •• 

I  ■  I 

8-7    i3-9    i6'S 

l5'2 

14-5 

"■9 

II-4 

5-9 

'•7 

lOI-I 

328-7 

3o 

November  . 

I  ■  1      9'4    lO'o 

9-5 

9-2 

8-9 

7"o 

I  '2 

56-6 

264-4 

20 

December  . 

•• 

..    ,  i-i      6-0 

6-0 

7-3 

5-7 

o"9 

27-0 

242-7 

16 

The  hours  are  reckoned  from  apparent  noon. 

The  total  r 

Lfjistered  duration  of  sunshine  durinf;  the  year  was  1266-1;  hours;  the  corresponding  agi;regate  pe 

riod  du 

ring  which  the  Sun  was  above  tl>e  horizon 

was  44;4-o  hours ;  the  mean  proportion  for  the  year  (constant  sunshine  =  1 )  w 

as  there 

foreo-28^. 

AT  THE  Royal  Observatory,  Greenwich,  ix  the  Year  1877. 


(Iv) 


(I.) — Reading  of  a  Tlicnnomoter  whose  bulb  is  sunk  to  the  depth  of  loS  feet  (2+  French  feet)  below  the  surfiice  of  the  soil,  at  Nooii 

on  every  D.iy  of  the  Year  1877. 


Davs  of 

the  Month. 
1877. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

52-68 

52 

-10 

5i  -46 

5o-83 

50-19 

49-91 

49-98 

5o  -62 

5 1  -53 

52  -40 

52  -96 

52  -98 

2 

52-66 

02 

-08 

5 1  -47 

00  -82 

5o  -18 

49-92 

5o  -02 

5o-62 

5i  -55 

52  -42 

52  -95 

53  -00 

3 

52-65 

02 

-06 

5 1  -46 

50-79 

50-17 

49-95 

5o  -07 

5o-65 

5i  -61 

52  -42 

52-96 

52  -98 

4 

52  -65 

02 

•04 

5 1  -42 

50-78 

5o  -14 

49-95 

5o-o8 

50-71 

51-62 

52  -45 

52  -96 

52  -96 

5 

52-63 

02 

-02 

5i  -39 

50-74 

00  -14 

49-93 

5o  -06 

5o  -72 

5 1  -64 

52  -5o 

52  -97 

52  -90 

6 

52-61 

52 

•00 

5 1  -36 

50-74 

5o  -13 

49-94 

5o  -o5 

50-77 

5i  -67 

02  -53 

53-00 

52  -92 

7 

52  -60 

52 

-00 

5 1  -34 

50-72 

5o  -13 

49-94 

5o  -lo 

5o-8o 

5i  -71 

52  -52 

53  -00 

52  -9 1 

8 

52  -59 

5i 

•96 

5i  -30 

5o-68 

5o  -i3 

49 -g-^ 

5o  -18 

5o-82 

5i  -74 

52  -55 

53  -00 

52  -95 

9 

52  -57 

5i 

•93 

5i  -29 

5o-66 

5o  -12 

49*94 

5o  -20 

50-84 

5i  -77 

52-57 

53  -00 

52  -95 

10 

52  -55 

5i 

■94 

5i  -27 

5o  -64 

5o  -10 

49-90 

50-17 

50-89 

5i  -80 

52  -60 

53  -01 

52  -90 

1 1 

52  -So 

5i 

•90 

51-25 

5o-58 

5o  -05 

49-88 

5o-i8 

5o  -91 

5i  -84 

52-66 

53  -02 

52-88 

12 

52-47 

5i 

•88 

5i  -23 

5o  -57 

50-07 

49-92 

5o  -16 

5o  -91 

5i  -88 

52  -63 

53 -02 

52  -92 

i3 

52  -46 

5i 

-86 

5  I  -2  2 

5o  "55 

5o  -07 

49-94 

5o-i8 

5o-97 

5i  -92 

52-67 

53  -03 

52  -go 

14 

52-48 

5i 

-83 

5l  -22 

00  -53 

5o-o5 

49-94 

5o  -19 

5 1  -00 

5i  -93 

52-73 

53  -o3 

52  -85 

i5 

52  -43 

5i 

•82 

5i  -18 

50-49 

50-04 

49-94 

5o-2i 

5 1  -04 

5i  -96 

52  -72 

53 -03 

52-86 

16 

52-43 

5i 

•79 

5i-i6 

5o  -45 

5o  -04 

49-94 

5o-23 

5 1  -07 

51-98 

52  -72 

53  -o5 

52-87 

17 

52  -42 

5i 

-76 

5i  -13 

50-42 

5o  -03 

49-93 

5o-22 

5i  -10 

52  -04 

52-74 

53  -GO 

52-86 

18 

52  -38 

5i 

•75 

5i  -13 

5o  -40 

5o  -04 

49-95 

5o  -28 

5i  -16 

52  -lo 

52-74 

53-02 

52-80 

•9 

52  -39 

5i 

-72 

5 1  -09 

5o  -39 

00  -00 

49-96 

5o-28 

5. -17 

52  -07 

52-78 

53  -00 

52  -80 

20 

52  -34 

5i 

-68 

5 1  -06 

5o-38 

5o  -00 

49-94 

5o  -30 

5l  -20 

52-08 

52-82 

53  -00 

52-80 

21 

52-33 

5i 

-65 

5i-o6 

5o -36 

50-01 

49  "94 

5o*32 

5i  -23 

52-12 

52  -81 

53  -02 

52  -So 

22 

52  -29 

5i 

•64 

5 1  -00 

5o  -35 

49-98 

49-95 

5o  -35 

5i  -25 

52  -20 

52-85 

53 -03 

02  -80 

23 

52-28 

01 

-63 

5i  -02 

50-37 

49-97 

49-96 

5o-38 

5i  -28 

52-i6 

52-85 

53  -00 

52  -78 

24 

52-26 

5i 

-61 

5o-g8 

5o-32 

49 '97 

49-95 

50-41 

5 1  -30 

52  -20 

52  -84 

53  -00 

52-76 

25 

52  -23 

5i 

-58 

50-97 

50-28 

49-97 

49-95 

5o  -43 

5 1  -35 

52  -21 

52-85 

52  -98 

52  -72 

26 

52  -20 

5i 

-54 

5o-94 

5o  -27 

49-97 

49-95 

5o  -45 

5i  -36 

52  -22 

52-87 

02-99 

52-73 

27 

52  -ig 

5i 

•5o 

50-94 

50-26 

49-96 

49-96 

5o  -00 

5i  -39 

52-28 

52  -90 

53  -01 

52  -70 

28 

52  -20 

5i 

-48 

5o  -93 

5o-23 

49-95 

49-96 

5o  -52 

5i  -42 

52  -32 

52  -90 

53  -oo 

52  -70 

29 

52  -14 

50-92 

5o  -20 

49-94 

5o  -02 

5o  -56 

5 1  -40 

52  -35 

52  -92 

52  -98 

52  -72 

3o 

52  -II 

5o-88 

5o  -22 

49-95 

5o  -00 

5o-56 

5 1  -47 

52  -35 

52  -93 

52  -98 

52  -71 

3i 

52  -lo 

50-87 

49-96 

5o-6o 

5i  -51 

52  -90 

52-65 

Means . 

52  -41 

5i 

•81 

5i  -16 

5o-5o 

5o  -oS 

49-94 

5o  -27 

5i  -06 

5i  "96 

52  -70 

53  -00 

52  -84 

(II.) — Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  12-8  feet  ( 1 2  French  feet)  below  the  surface  of  the  soil,  at  Noon 

on  every  Day  of  the  Year  1877. 


Days  of 

the  Month, 
1877. 

.Tanuarj-. 

February. 

JIarch. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

5i  -34 

49-91 

48-92 

47-70 

48-15 

49-16 

52  -02 

54-69 

56-45 

56-63 

55  -04 

53-22 

2 

01  -20 

49-88 

48  -go 

47-76 

48-20 

49-21 

52     12 

04-72 

56 -50 

56-56 

54 -gS 

53-18 

3 

5I-2I 

49-80 

48-93 

47-74 

48  -20 

49  -30 

52  -27 

54-80 

56 -So 

56  -50 

54-88 

53-08 

4 

5i  -II 

49-75 

48-86 

47-7' 

48-22 

49  -35 

52  -38 

54-89 

56-57 

56-48 

54-84 

52  -gS 

5 

5 1  -01 

49-68 

48-88 

47-66 

48-24 

49-38 

52  -5o 

55  -00 

56 -61 

56-48 

H-79 

52  -go 

6 

5o  -95 

49  -61 

48-80 

47-66 

48-28 

49-44 

52  -60 

55-07 

56-64 

56  -43 

34-77 

52-86 

7 

00  -go 

49-61 

48-74 

47-65 

48-32 

49-52 

52  -70 

55  -09 

56-68 

56-34 

04-70 

52-74 

8 

50-82 

49-53 

48-67 

47-65 

48-34 

49-58 

52-80 

55-16 

56 -69 

56 -30 

54  -60 

52  -66 

9 

5o  -64 

49-43 

48-71 

47-60 

48-35 

49-67 

52-93 

55-23 

56-74 

56-26 

54  -56 

52  -58 

10 

00  -07 

49-45 

48 '60 

47-57 

48-37 

49-70 

53 -08 

55  -28 

56-75 

56-21 

04  -01 

52-46 

II 

50-48 

49-38 

48-55 

47-56 

48-37 

49  -80 

53-17 

55-34 

56-80 

56-18 

54-45 

52  -32 

12 

50-41 

49-34 

48-54 

47-58 

48-36 

49-84 

53-24 

55  -40 

56-81 

56-10 

54-40 

52  -27 

(Ivi) 


Earth  Temperatcre, 


(IL) — Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  i2-8  feet  (12  French  feet)  below  the  surface  of  the  soil,  at  Noon 

on  every  Day  of  the  Year  1877 — concluded. 


Days  of 

1 

the  ilonth 
1877. 

January. 

1    February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

i3 

50-45 

1        0 

49  '5° 

48-50 

47-64 

48-39 

49-92 

53-35 

55-49 

56-80 

56  -09 

54-30 

52  -22 

«4 

5o-5o 

49-26 

48-48 

47-67 

48-40 

5o  -02 

53  -41 

55-58 

56-82 

56-01 

54-28 

02    11 

10 

50-45 

1      49*22 

48-42 

47-70 

48-40 

5o-i2 

53-49 

55-63 

56-78 

55-98 

54-26 

02  -og 

16 

50-46 

'     49-20 

48-38 

4770 

48-44 

5o-22 

53-53 

55  -70 

56-78 

55-88 

04-22 

.•)2  -07 

17 

50-46 

49-15 

48-32 

47  7-5 

48-46 

5o  -32 

53  -60 

55-74 

56-76 

55-84 

54-15 

5l  ■q5 

18 

5o  -44 

49-15 

48-28 

4778 

48*53 

50-43 

53-72 

55-80 

56-78 

55-77 

54  -09 

5i  -88 

•9 

50-39 

49-12 

48-22 

47-83 

48-55 

50-56 

53-81 

55-87 

56-77 

55-74 

54  -00 

5i  -76 

20 

5o-36 

49-10 

48-17 

47-88 

48-55 

5o-63 

53-90 

55-95 

56-75 

55-74 

53-96 

01  -70 

21 

5o  -34 

49  -06 

48-11 

47-93 

48-56 

50-75 

53-98 

55-96 

56-72 

55-66 

53  -90 

5 1  -64 

22 

5o-3o 

49-04 

48-08 

47-98 

48-61 

5o-85 

04  -00 

55*96 

56-72 

55-64 

53  -90 

5i  -59 

23 

5o  -30 

49-04 

48-07 

48  -00 

48-70 

00  -90 

04  1 1 

56  -00 

56  -70 

55-52 

53-80 

01  -02 

24 

5o-23 

49-04 

48-03 

48-03 

48-78 

5i  -08 

54-18 

56 -07 

56-70 

55-47 

53-74 

51-41 

25 

5o-2i 

49-02 

48  -00 

48  -04 

48-85 

5i  -20 

54-23 

56-08 

56-66 

55  -40 

53-67 

5i  -28 

26 

5o-i5 

49-00 

47-98 

48  -o5 

48-88 

5i  -2^ 

54-30 

56-17 

56  -70 

55-34 

53-62 

5i  -22 

27 

5o-ii 

48-96 

47  "93 

48-08 

48-94 

5i  -48 

54  -40 

56-24 

56-67 

55-29 

53 -60 

01  -12 

28 

5o  -07 

48-94 

47-92 

48  -10 

48-97 

5i-6i 

54-45 

56-29 

56-68 

55  -20 

53  -5o 

5i  -o3 

29 

5o-o3 

47-92 

48  -10 

49-02 

5i  -80 

54-53 

56-35 

56-68 

55  -19 

53  -40 

00-97 

3o 

5o  -00 

47-85 

48-13 

49-10 

5i  -90 

54  -60 

56  -39 

56-62 

55-12 

53-33 

5o-88 

3i 

49-95 

47-81 

49-13 

54-70 

56  -42 

55 -08 

50-82 

Means  . 

5o*5i 

49-32 

48  -2,; 

47-81 

48-54 

5o  -JO 

53-49 

55  -62 

56-69 

55-88 

54-21 

02  -02 

(Tn.) — Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  6-+  feet  (6  French  feet)  below  the  surface  of  the  soil,  at  Noon 

on  every  Day  of  the  Tear  1877. 


Days  of 

the  ifonlh, 
.877. 

January. 

February. 

March. 

AprU. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

I 

48-49 

47-49 

47-40 

46-33 

48-62 

5i  -38 

57-90 

59-64 

60  -90 

57-78 

54-34 

5o  -82 

2 

48-62 

47-40 

47-30 

46-52 

48-65 

5i  -54 

58 -00 

59-78 

6o<85 

57  -60 

54-30 

50-64 

3 

48-71 

47-30 

47-15 

46-64 

48-69 

5i  -68 

58-17 

59-98 

60-77 

57-50 

54-24 

5o  -51 

4 

48-69 

47-31 

47-04 

46-78 

48-68 

5i  -78 

58  -25 

60 -i3 

60-72 

57-39 

54-20 

5o-44 

5 

48-69 

47  --52 

46-91 

46-89 

48-70 

5i  -89 

58 -30 

60  -3o 

60 -66 

57-31 

54-1 1 

5o  -34 

6 

48-80 

47-31 

46-84 

47-08 

48-67 

52  -06 

58-32 

60-33 

60 -5 1 

57  -20 

54-04 

5o  -3o 

7 

48-80 

47-32 

46-77 

47-26 

48  -62 

52-34 

58-40 

60  -3o 

60 -38 

56-96 

53  -90 

5o  -19 

8 

4877 

47-32 

46-72 

47-38 

48-58 

52-61 

58-47 

60-32 

60  -22 

56-85 

53-80 

5o  -10 

9 

48-73 

47-36 

46-68 

47-55 

48-59 

52  -85 

58 -5o 

60  -37 

60-14 

56  -71 

53-75 

5o  -08 

10 

48-68 

47-45 

46  -60 

47-66 

48-67 

53  -00 

58-58 

60  -3q 

60 -o3 

56-60 

53-77 

00  -00 

11 

48-52 

47-56 

46-48 

47-76 

48-80 

53-28 

58  -52 

60 -38 

59-97 

56-48 

53-72 

49-90 

12 

48-63 

47-60 

46-42 

47-90 

48-95 

53-52 

58-52 

60  -39 

59-86 

56-31 

53-60 

49-88 

i3 

48-72 

47-70 

46-34 

48  -02 

49-19 

53-78 

58-58 

60-40 

59-78 

56-26 

53 -5o 

49-70 

«4 

48-80 

4778 

46-28 

48  -10 

49-38 

54-15 

58 -61 

60-42 

59-74 

56 -18 

53-50 

49-52 

i5 

48-59 

47-80 

46-18 

48-18 

49-53 

54-48 

58 -70 

60-41 

59-66 

56 -02 

53-46 

49-46 

16 

48  -5o 

47-90 

46  -20 

48  -21 

49-68 

54-76 

58-78 

60-45 

59-58 

55  -90 

53-36 

49-32 

«7 

48-41 

47-98 

46-22 

48-29 

49  -So 

55  -02 

58  -90 

60  -So 

59-58 

55-88 

53-18 

49-12 

18 

48-38 

48-06 

46-28 

48-36 

49-98 

55 -3o 

59  -00 

60-60 

59-55 

55-82 

53  -09 

49  -00 

>9 

48  -3q 

48  -08 

46-30 

48-39 

5o  -10 

55-58 

59-07 

60  -70 

59  -50 

55-78 

53  -00 

48-86 

20 

48-35 

48-03 

46-29 

48-38 

5o-i8 

55 -81 

59  -©5 

60-80 

59-38 

55-65 

52-84 

48-78 

21 

48-42 

48-03 

46-25 

48-37 

5o-32 

56-09 

59-10 

60-82 

59-31 

55-42 

52  -70 

48-74 

22 

48-48 

48  -00 

46  -20 

48  -3o 

50-40 

56-38 

59-08 

60  -95 

59-26 

55-30 

52-57 

48-62 

23 

48  -5o 

47-92 

46-18 

48-30 

50-48 

56-64 

59-15 

60-98 

59  -10 

55-16 

52-34 

48  -5o 

24 

48-42 

47-84 

46-11 

48-33 

5o  -57 

56-91 

59-18 

61 -is 

58-96 

54-98 

52  -10 

48-50 

25 

48-36 

47-68 

46  -02 

48-39 

5o  -61 

57-12 

59-21 

61  -06 

58-72 

54-86 

5i  -85 

48-40 

26 

48-20 

47-58 

40-94 

48-47 

5o  -64 

57-28 

59-29 

61  -12 

58 -60 

54-70 

5i  -76 

48-43 

AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1877. 


(Ivii) 


(in.) — Reading  of  a  Tlierraometer  wliose  bulb  is  sunk  to  the  depth  of  6*4  feet  (6  French  feet)  below  the  surface  of  the  soil,  at  Noou 

on  every  Day  of  the  Year  1877 — concluded. 


Days  of 

tlie  Month, 

1S7;. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

27 
28 
29 
3o 
3i 

0 

48  'oS 
47 '96 
47  79 
47-65 
47-55 

47 -30 
47  "47 

0 

45  -96 

46  -00 
46  -og 
46-10 
46-22 

48  -5l 
48-55 
48-55 
48  -61 

5o-66 
50-73 
5o-83 
5i  -oi 
5i  -20 

57-45 
57  -60 
57-73 
57-80 

59-08 
59-40 
59-46 
59  -55 
59  -65 

61  -13 
61  -08 
61  -02 
60-98 
60-93 

58  -40 
58-23 
58 -08 
57-95 

0 

54-66 
54  -60 
54-58 
54  -5o 
54-42 

0 

5i  -61 
5i  -32 

5l  -12 

5o-94 

48-30 
+8  -20 

48-10 

47 '89 
47-65 

Means . 

48-44 

47-65 

46-43 

47-87 

49-66 

54-59 

58-81 

60-57 

59  -61 

55-98 

53  -07 

49-30 

(IV.) — Reading  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  3*2  feet  (3  French  feet)  below  the  surface  of  the  soil,  at  Noon 

on  every  Day  of  the  Year  1877. 


Days  of 

the  Month. 
1877. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

I 

46-33 

43-54 

43  -40 

45  -25 

0 

47-58 

52  -96 

0 
62  -45 

63-86 

0 
62-48 

55-98 

52 -50 

46  -60 

2 

46-63 

43-73 

42-89 

45-48 

47-58 

53-12 

62  -52 

64  -20 

62  -22 

55 -go 

52  -29 

46-30 

3 

46  -50 

44-13 

42  -80 

45-77 

47-5! 

53-31 

62  -22 

64-08 

61  -62 

55-80 

5i  -92 

46  -20 

4 

46-42 

44-30 

43-31 

46-18 

47-13 

53-62 

62  -00 

63-60 

61  -21 

55 -5i 

5i  -80 

46-28 

5 

46-41 

44-24 

43-70 

46-72 

46-90 

54-59 

62  -02 

63-40 

60-80 

55-28 

5i  -34 

46  -40 

6 

46  -5 1 

44-10 

43-71 

46  -93 

46-68 

55-46 

62  -o5 

63-38 

60 -58 

55  -00 

5i  -3g 

46  -52 

7 

46-42 

44-43 

43-53 

46-94 

46-87 

55-85 

61  -82 

63-42 

60  -40 

54-75 

5 1  -55 

46-56 

8 

46  "Si 

44-93 

43-26 

46-92 

47-39 

55-75 

61  -52 

^-40 

60-32 

54  -60 

5 1  -go 

46  -52 

9 

46  -TO 

45-32 

43-00 

47  "17 

47 '99 

56  -07 

61  -i3 

63-08 

60-12 

54  -51 

5i  -g8 

46-35 

10 

46-80 

45  -50 

42-65 

47 -51 

48  -90 

56  -70 

61  -02 

62-86 

60  -00 

54-26 

5i  •g8 

46-20 

1 1 

46-30 

4570 

42  -50 

47  79 

49-48 

57-62 

61  -22 

62-75 

60  -06 

54  -02 

5i  -go 

45-72 

12 

46  -03 

45-98 

42-40 

47-82 

5o-io 

58 -5o 

61  -78 

62-58 

60  -10 

53-92 

5i  -40 

45  -38 

i3 

45  -40 

46-12 

42-40 

47-70 

5o  -20 

58 -g3 

62  -11 

62-55 

60  -14 

53-91 

5i  -lo 

45  -3o 

14 

45  -co 

46-18 

42-70 

47-68 

5o-3o 

5g  -25 

62  -30 

62  -75 

60  -15 

54-08 

5o-8o 

45-10 

i5 

44-70 

46-33 

43-16 

47-83 

5o-38 

59-35 

62-48 

63 -06 

60-18 

54-36 

5o-3o 

4471 

16 

44-76 

46-48 

43 -51 

47-82 

50-59 

59-75 

62-31 

63-38 

60-18 

54-57 

5o  -3o 

44 -30 

17 

44-82 

46-43 

44-08 

47-80 

50-73 

60-22 

62  -o5 

63-70 

60  -00 

54-25 

5o-5o 

44-32 

18 

45-29 

46-21 

43-69 

47-42 

50-92 

60-80 

61  -71 

63-86 

5g-72 

53-48 

5o  -19 

44-66 

•9 

45-59 

46  -00 

43-38 

46-93 

5o-g8 

61  -42 

61  -52 

63  -90 

59  -5o 

52  -86 

49 -3b 

44-62 

20 

40 '99 

45-90 

43-22 

46-74 

5l  -04 

61-79 

61  -62 

64-17 

59-30 

52  -40 

49-35 

44-20 

21 

46-16 

45  -52 

43  -o5 

46-80 

5i  -00 

62  -23 

61  -80 

64-40 

59-05 

52  -28 

48-88 

44-30 

22 

45-71 

45-04 

42  -80 

47 -03 

5o  -gi 

62-49 

61  -90 

64  -60 

58-40 

52  -48 

48-47 

44  'iG 

23 

45-24 

44-69 

42-53 

47 '57 

5o-8i 

62  -54 

62  -10 

64-29 

57-72 

52-68 

48-50 

44-50 

24 

44-61 

44-42 

42  -15 

47-68 

50-70 

62  -45 

62  -17 

63  -92 

57-35 

52  -66 

48-36 

44-83 

25 

44-40 

44-35 

42  -So 

47  74 

50-68 

62  -12 

62  -19 

63-48 

56-98 

52-30 

47-60 

44-52 

26 

44-20 

44-52 

43-08 

4771 

5o-83 

61  -92 

62-18 

63-09 

56-56 

52  -25 

47-27 

44-18 

27 

43  •q5 

44-58 

43-56 

47-62 

5i  -32 

61  -80 

62  -25 

62  -go 

56  -29 

52-36 

46 -go 

43-64 

28 

43-66 

44-11 

43-92 

47-53 

5i  -85 

61  -80 

62-23 

62-86 

56  -i5 

52  -20 

46  'go 

43-12 

29 

43-57 

44-25 

47-60 

52-35 

61  -93 

62-44 

62  -92 

56-04 

52  -20 

47-00 

42-64 

3o 

43  -5i 

44-68 

47-55 

52-57 

62  -3o 

62  -65 

63-02 

55-99 

52  -20 

46-87 

42-73 

3i 

43-66 

45  -04 

52-76 

63-40 

62  -go 

52  -38 

40  -20 

ileans. 

43-41 

40-10 

43-25 

47 -'7 

49-84 

58-89 

62  -04 

63-43 

59-32 

53-72 

5o-o2 

44 -g8 

Greenwich  Magnetical  and  Meteorological  Observations,  1877. 


H 


(Ivlii) 


Earth  Temperature, 


(V.) — Readinc;  of  a  Thermometer  whose  bulb  is  sunk  to  the  depth  of  i  incli  below  the  surface  of  tlic  soil,  at  Noon  on  every  Day 

of  the  Year  1877. 


Days  of 

the  Month 

1877. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

<i 

1 

47  "2 

43  '5 

35 -o 

1          ^ 
47 -o 

46-0 

55  '4 

62-6 

67  "o 

58-0 

53  -2 

49-6 

46  -o 

2 

43-8 

40  "2 

40  "O 

46-6 

46  '2 

54-6 

62  -8 

63-8 

5g  -o 

52  -o 

48  -3 

42-2 

3 

45  "O 

42-8 

44 'o 

48-2 

46  "O 

59-4 

62  -9 

62  -o 

58-4 

5o  "o 

49  "0 

44 '0 

4 

47 -o 

43  'O 

43-8 

5o-8 

42-3 

61  -5 

63 -o 

62  -o 

56  "3 

5o  'o 

46-5 

44"' 

5 

46-3 

4«  7 

4>  7 

47-8 

44-5 

61  -3 

63 -o 

64-6 

56-3 

50-9 

5o  -o 

44  "0 

6 

45  '3 

45  -2 

40*0 

47-6 

45-1 

58-9 

61  'O 

66 -o 

57  'O 

5i  -o 

52  'O 

44 '6 

7 

47 -o 

48  -o 

39  -5 

47-2 

47-5 

57-2 

60  -o 

66-2 

58 -o 

49  ■• 

53-0 

44-1 

8 

46  "0 

46-4 

38-7 

48-8 

49-8 

60  'O 

59  'O 

63  •! 

57-2 

52  -o 

5o  '5 

42-2 

9 

47  "o 

45  "O 

38 -o 

47-8 

53-3 

62-3 

60 -8 

627 

58-2 

5o  "o 

48  -o 

43  '5 

10 

45  'O 

47 '5 

38 -o 

49  "4 

54-8 

63-2 

63-5 

62-4 

59-5 

49 '0 

5i  'o 

40  -3 

1 1 

43  -0 

47 '4 

37-4 

49'° 

53-8 

65  "5 

65-5 

61  "9 

60 -8 

5i  -3 

5o-o 

38  .-0 

12 

40  'O 

47-0 

40  "O 

46  -5 

56-9 

66 -o 

64-8 

62-1 

60 -o 

5i-o 

47-8 

44-0 

lo 

•39 '4 

46-8 

42  'O 

47-8 

52-5 

61  "9 

64-8 

64-0 

60 -0 

537 

47  'o 

41  -0 

'4 

43  'O 

47 'o 

44-5 

48-5 

5i  -8 

61   -2 

66-0 

66-0 

61  -4 

56 -o 

44  "6 

39  'o 

i5 

41-3 

47  '-S 

43-9 

47-8 

52-2 

63-2 

64  -o 

65-4 

60 -8 

55 -o 

48-2 

38 -o 

16 

43  -5 

40  '6 

43-5 

47-2 

53 -o 

64-2 

62  -o 

66-5 

56-5 

5o-6 

517 

42  'O 

17 

45-8 

44-1 

41-6 

45 '3 

52  "4 

65  "3 

61   -2 

66-5 

56-4 

47  "o 

44  "0 

43-5 

18 

44-8 

44-8 

40-0 

437 

53-8 

66-8 

60  7 

66 -o 

56-6 

45-2 

45  "3 

42-2 

'9 

49 'o 

44 'o 

40  'O 

44  "0 

52  7 

68-2 

63  7 

68 -o 

58  -o 

46-0 

45  'O 

38 -o 

20 

45-9 

42  -o 

39-8 

45*0 

5o  '4 

66-8 

62-2 

68-8 

56 -o 

49  "3 

43  '3 

40  "4 

21 

41    I 

41  -o 

38-2 

47-0 

5i  "4 

66-2 

62-0 

62-5 

52-3 

5 1  'o 

42-2 

4^  "5 

22 

40-8 

40 '3 

37-0 

48-5 

5o-3 

65-3 

64  -o 

65-3 

5i  '4 

53-4 

46-8 

43  "3 

20 

09  'O 

40  'O 

38-1 

48-0 

49 '2 

62-5 

65  -o 

61  -3 

53 -o 

5o  '4 

45-0 

43  'O 

24 

41  -9 

42-0 

40-8 

47 'o 

5o-6 

61  -o 

63  "o 

59-9 

53  'o 

48-0 

43-0 

42  'o 

25 

42-9 

44-5 

44 '0 

47-0 

5i  -o 

62  -o 

63 -o 

61  -1 

49  "8 

5i  "0 

42-0 

38 -o 

26 

39  -3 

42  -3 

44  "o 

46-3 

54-6 

63  '5 

63  -o 

62-8 

52-1 

5o-2 

41  -o 

38  -o 

27 

39-5 

39  '5 

44-8 

46-8 

54-8 

62  -8 

64  'O 

64  'O 

5o  '9 

5i  'o 

46  -o 

36  'o 

28 

42-0 

36-6 

45  "0 

46-9 

56 -o 

63 -o 

63  '5 

63-4 

52-2 

5o  -o 

43-9 

35-4 

29 

39-9 

46  'O 

47  "0 

54-5 

66-3 

67  -o 

64  -0 

52-2 

5i  -o 

44-3 

42-0 

3o 

43  "0 

46-8 

46-4 

55 -o 

67-2 

67  -o 

63-0 

53-0 

5i-4 

43-0 

44 '6 

3i 

39-9 

46-8 

567 

69-2 

61  -2 

52  -o 

42  "O 

41-5 

Means . 

43-4 

43-9 

4'  -4 

47-2 

5i  -3 

62-8 

63-4 

64  -o 

56-1 

5o  7 

467 

(VI.)— Reading  of  a  Thermometer  within  the  case  covering  the  deep-sunk  Thermometers,  whose  bulb  is  placed  on  a  level  with  their  sciiles, 

at  Noon  on  every  Day  of  the  Year  1 877. 


Days  of 

T 

the  Month 
1877. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

September. 

October. 

November. 

December. 

d 

° 

° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

49 '9 

48-8 

33 -o 

49-8 

457 

55-2 

61  -8 

68  '2 

60 -5 

60 -8 

53-6 

44 'o 

40-4 

49  "2 

48-8 

53-5 

48 '4 

56-6 

68-8 

64  -2 

66-2 

55-5 

5i  -5 

45  '3 

0 

44 '9 

5i  -o 

04  -o 

49  7 

75-8 

6g-8 

66 -o 

58-3 

55  "5 

52  -o 

45  '5 

4 

49  "9 

44 '3 

44-8 

60 -o 

46-4 

72-8 

69-5 

65-8 

60 -2 

54  "5 

52  '3 

44  -2 

6 

5i  -1 

45  -g 

41  -8 

49  "2 

5o  -o 

66-6 

69  '3 

75-0 

62-1 

61  -0 

57-2 

42-8 

48  -6 

5o  7 

39-5 

52  -o 

52-2 

60 -6 

64  '0 

73-4 

64-5 

61  -o 

56  -9 

49-0 

7 
8 

5i  -o 

56  -2 

39-5 

54  -I 

57  '8 

63 -o 

63 -o 

69*4 

63-2 

48-0 

53-5 

46  -3 

5o  '0 

47  7 

377 

55 -o 

61  -2 

69-8 

62-8 

66-6 

61  "O 

54-0 

54  'O 

44 '2 

9 

00  "4 

47-8 

40 -a 

53-3 

62-4 

73-3 

67  '0 

67-4 

63-8 

53-3 

54-8 

47-0 

42-4 

52  -5 

37  -5 

5i  -6 

62-2 

74  "o 

74  7 

65  '3 

63-2 

5i  -5 

52  -3 

37-4 

3o-6 

5i  -6 

40  "5 

49*8 

5i  -6 

757 

72-8 

66-2 

68-3 

54  "5 

5 1  "5 

36 -o 

i3 

49-3 

40  -8 

47-0 

55-5 

75-4 

73-3 

67-1 

67  "3 

53-8 

49  "2 

48-4 

38  '9 

5o  '0 

46-5 

55-8 

54-3 

61  -8 

73-5 

68-8 

65-2 

60  •! 

47  "o 

43-8 

'4 

47 -a 

5o  "2 

5i  -5 

52-2 

55-8 

67-4 

67-6 

73  -o 

66 -o 

67-8 

47-3 

38-6 

40 '9 

5o-o 

48-8 

52  -1 

56  "0 

71-8 

66 -o 

71-8 

62  -0 

56-4 

52  -3 

39-8 

AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1877. 


(lix) 


(VI.) — Reading  of  a  Thermometer  within  the  case  covering  the  deep-sunk  Thermometers,  whoso  iiulb  is  placed  on  a  level  with  their  scale  s 

.■It  Noon  on  every  D.ay  of  the  Year  1877 — concluded. 


Days  of 

the  Month, 
1877. 

.lannary. 

February. 

March. 

April. 

May. 

June. 

July. 

August 

September. 

October. 

November. 

December. 

d 

0 

0 

0 

= 

0 

"= 

0 

0 

0 

0 

0 

0 

16 

48-6 

46-0 

46  -1 

47-8 

55-4 

737 

60 -2 

74-0 

55-5 

49  "2 

56-3 

45-9 

17 

5o  "9 

457 

44-8 

44-8 

52  '6 

75-6 

63-0 

73-1 

57-3 

5i  -5 

46  -2 

45-2 

18 

47-8 

47-4 

47-5 

41  "9 

61  -2 

79 '5 

64-5 

74-2 

58-8 

49 '8 

487 

42  -o 

19 

53-5 

43-8 

45  "3 

46-9 

53 -o 

80 -8 

697 

76  -5 

60 -8 

52  -3 

48-5 

35-2 

20 

44  "9 

40  "O 

39-3 

52-6 

5 1  "4 

74-3 

67  -o 

80 -2 

56 -o 

60 -8 

43  'O 

43-0 

21 

44-2 

40  '6 

39-9 

47-8 

55-4 

73-1 

69-8 

73-0 

55-5 

55-8 

42  -8 

43-0 

22 

41  '9 

39-8 

38-9 

54-5 

5o  7 

70-8 

66-8 

68-4 

55-8 

60  -2 

5o-3 

46  '0 

23 

43-5 

42  'O 

45  "2 

54  "O 

49  "4 

61  '9 

69  -5 

647 

53-3 

52  -0 

48-2 

43-0 

24 

45-8 

47  "6 

48-3 

027 

54-8 

64-0 

67-9 

65-2 

57-0 

52  -8 

43-5 

44 '2 

25 

49-8 

49  "9 

5i  -8 

5i  -8 

58-2 

69  -o 

66-8 

61  -o 

49-8 

54-0 

41  -o 

36-3 

26 

38-6 

39-0 

46-8 

48-2 

63-8 

69-0 

63-8 

66-8 

54-6 

5o  '4 

44-3 

38-4 

27 

43-8 

37-8 

5i  -5 

49 '2 

62-8 

68-2 

71  -5 

69  -2 

53-8 

56-2 

5i  -3 

34-3 

28 

48  -0 

36-8 

52-5 

48  -o 

59-8 

72-0 

68 -o 

68-6 

577 

55-2 

41-3 

347 

29 

43-2 

53  'o 

5o-8 

59  •! 

79-3 

77-2 

68 -o 

58-0 

54  "2 

44-1 

62  'O 

3o 

42-8 

5.7 

47 '9 

62  '3 

76-6 

75-6 

67-2 

60 -8 

56-2 

44-0 

5o-8 

3i 

41  -2 

5l  -2 

62-6 

82-5 

65-3 

55-5 

43  'O 

Means  . 

45-4 

46-3 

45  -2 

5i  -0 

55-5 

70-3 

68-6 

69  -I 

59-9 

55-3 

49-3 

42-9 

H2 


(Ix) 


Changes  of  the  Direction  of  the  Wind,  and  Horizontal  JIovement  of  the  Aii 


Abstract  of  the  Changes  of  the  Direction  of  the  Wind,  as  derived  from  Osi.er's  Aintsmometek. 

Direction  of  the 

Times 
of  Shifts 

Monthly  Excess 

Direction  of  the 

Times 

Monthly  Excess 

Wind. 

Apparent 

Amount 

of  Motion. 

'877. 

Wind. 

Apparent 

of  Shifts 

Amount 

of  Motion. 

1877, 

At      ,      J^^ 
beginning    ^^^^^ 

of  the 

of 

At 

of  the 

of 

Month. 

Motion. 

Recording 

Motion. 

Direct,  ^^f- 

Month. 

,      •     .            At          Mot  on. 
begmmng    ^^^  ^^ 

Recording 

Motion. 

Direct. 

Rctro- 

Month.  1  ^-*- 

Tencil. 

grade. 

1 

Month.      ^'°°"'- 

Pencil. 

grade. 

0 

d       h      m 

0 

0 

0 

0 

d     h     m 

0 

0 

0 

January  .  . 

s.s.w. 

S.S.W. 

0 

3.22.     0 
10.  22.     0 
12.21.     0 

+   36o 
—  36o 
+   720 

1800 

June — rout. 

7.22.    0 

8.     2.  45 

1 1.  21.     0 

—  36o 
+  36o 

-  720 

742i 

19.  22.     0 

+  36o 

11.22.     0 

-   720 

20.    9.  3o 

+  36o 

12.     0.  20 

+  36o 

22.      8.45 

+  36o 

l3.  21.  l5 

-  36o 

16.    8.    0 

+  36o| 

February  . 

s.s.w. 

N.N.W. 

+  i35 

l3.     8.20 

+  36o 

495 

21.  22.    0 
25.    2.  40 

+  36o 
-  36o 

March  . . . 

N.N.W. 

w.s.w. 

—  90 

g.    9.  3o 

+  36o 

10.    1.45 

+  36o 

July 

S.E. 

N.W. 

+  180 

5.    8.    oi+  36o 

22.    8.  3o 

+  360 

6.    8.  45  1 —  36o 

23.21.     0 

—  720 

63o 

7.    1.45  +  36o 

25.22.     0 

-  36o 

12.    0.  i5 

4-  36o 

540 

26.    2.  3o 

+  36o 

12.    2.45 

-  36o 

3o.  22.    0 

+  36o 

12.    8.45 
29.    8.    0 

-  36o 
4-  36o 

April  .... 

w.,s.w. 

N. 

+  I12i 

8.    8.  i5 

-  36o 

8.21.    0 
9.21.    0 
II.    0.  3o 

+  36o 
-  36o 
+  36o 

Augu.st . , . 

N.W. 

W. 

-   45 

4.22.    0 
14.  22.    0 
i5.    0.  20 

4-  36o 
4-  36o 
-  36o 

1395 

12.    2.  5o 

-  36o 

18.  22.    0 

4-   36o 

12.  21.  10 

+  36o 

24.    3.    0 

4-  36o 

i3.    9.  10 

+  36o 

25.  22.    0 

4-  36o 

14.    0.  1 5 

-  36o 

1 5.    8.3o 

—  36o 

2407! 

September 

w. 

N.N.E. 

+  112^ 

4.21.    0 

4-  36o 

16.22.    0 

-  36o 

6.    8.3o 

4-  36o 

18.    2.45 

-  36o 

6.22.    0 

-  36o 

ig.    2.45 

-  36o 

7.    0. 3o 

4-  36o 

24.  22.    0 

+  36o 

7.    9.20 

-  36o 

25.    0.  i5 

-  36o 

n.    8.  3o 

4-  36o 

I12i 

26.    0.  10 

-  36o 

17.  22.    0 

-  36o 

26.  22.    0 

-  36o 

21.  21.  i5 

-  36o 

27.21.    0 

—  36o 

26.21.    0 
28.    2.45 

4-  720 
-  36o 

May 

N. 

S.S.E. 

—  202^ 

1.  21.  i5 

5.  10.  45 

+  36o 
-  36o 

3o.    7.  3o 

-  36o 

7.    0.    0 

-  36o 

October  . . 

N.N.E. 

W.S.W. 

—  1 35 

5.    0.    0 

4-  36o 

7.    2.45 

-  36o 

6.    0.  i5 

-  720 

8.    9.30 

-  36o 

9.  22.    0 

4-  36o 

i35 

g.    0.  1 5 

+  36o 

19.  22.    0 

4-  36o 

10.  21.  i5 

-  36o 

20.  "^2.  5o 

-  36o 

11.    7.    0 

+  36o 

si-i 

11.    g.  3o 

+   720 

November 

W.S.W. 

s.s.w. 

-  4J 

17.    1.40 

4-  36o 

II.  21.    0 

-  36o 

17.    8.  i5 

-  36o 

12.22.    0 

+  36o 

17.  22.    0 

4-  36o 

405 

16.    2.43 

-  36o 

23.  22.    0 

-  36o 

23.  22.    0 

+  36o 

27.     8.20 

-  36o 

25.    7.30 

+  36o 

26.    0.  3o 

+   36o 

Decemljer 

s.s.w.  w.s.w.i 

+  45 

6.    2.  45 

4-  36c 

9.  22.    0  —  36o 

June 

8.S.E. 

S.E. 

-    22l 

3.  21.    0 

4.  0.  i5 

6.    0.    0 

-  36o 
+  060 
+  36o 

1 0.  2 1 .    0  1  +  36o 
18.  22.    0  !+  36o 
20.  22.    0  .+  360 

1  125 

The  whole  excess  of  direct  motion  for  the  year  was  2925°. 

: 

The  sign 

+  implies  that  the  change  in  the  direction  of  the  wind  has  taken  place  in  the  order  N.,  E.,  S.,  W.,  N.,  &o.,  or  in  d 

red  motion  ;  the  sign 

—  implies 

that 

he  chaiijre  lias  taken  place  in  the  order  N.,  W.,  S.,  E.,  N.,  &c.,  or  in  retrograde  motion. 

The  times 

of  shifts  of  the  recording  pencil,  as  given  above,  refer  to  the  shifts  made  by   hand,  when,  by  the  turning  of  the  ^ 

.inc,  the  trace  tends 

0  travel  or 

ha<  t 

ravelled  out  of  ran<re. 

The   revolution-counter  which  i.s  att.nehed  to  the  vertical  spindle  of  the  vane,  whose  readings  increase  with  change  of  direction  of 
the  wind  in  direct  motion,  and  decrease  with  change  of  direction  in  retrograde  motion,  gave  the  following  readings : — 


On  1876,  December  3 1 ''.  12'' 

On  1877,  Dccembci- 31"*.  12'' 
Implying  au  excess  of  direct  motion,  during  the  year,  of  8'  1  revolutions,  or  2916°. 


43 'O 


AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1877. 


(Ixi) 


Mean  Hourly  Measures 

of  tho  Ho 

RIZONTAI 

Movement  of  the  Air  in  eaeh  Month,  and  Greatest  and  Least  HouRL-i 

Measures 

as  derived  from  tho  Records  of  Robinson's  Anemometer. 

Hour  endiug 

1877. 

Mean  for 
the  Year. 

January. 

February. 

March. 

April. 

May. 

.June. 

.Inly. 

August. 

September. 

October. 

S^ovember. 

December. 

„ 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

I  a.m. 

14-1 

i5-6 

1 1 -6 

II  -8 

9-4 

87 

lOM 

9-5 

g-o 

II  -3 

1 5 -5 

12-6 

1 1 -6 

2  a.m. 

14-1 

i5-6 

II  -2 

II  7 

9-2 

9-2 

9  7 

9-0 

8-2 

II  -8 

1 5  -5 

12-4 

II  "4 

3  a.m. 

14-5 

1.4  "5 

11  -4 

10  '9 

8-6 

8-9 

9-3 

9-4 

8-0 

"  -4 

14-9 

II  -g 

11  -I 

4  a.m. 

14-5 

'4  7 

I  I  M 

II  -3 

9-3 

9-0 

9  7 

9  7 

8-5 

II  -I 

14  "9 

12-4 

II  -4 

5  a.m. 

14-0 

14-9 

II  7 

10-4 

8-9 

9  7 

9-8 

9-6 

8-1 

1 1  "3 

i5  "5 

127 

"•4 

6  a.m. 

14-2 

iJ-3 

II  -4 

10  "9 

9-3 

9-8 

9-6 

9-8 

8-6 

I  I   -0 

i5  -3 

12  •! 

11  -4 

7  a.m. 

'47 

.5-7 

II  -9 

10  -g 

9  "4 

10  -6 

10  -2 

10  -I 

7  "9 

10  '5 

'4  "4 

12  -8 

11  -6 

8  a.m. 

147 

.6-9 

12-5 

12  •! 

10  '6 

II  -6 

1 1  "5 

II    I 

8-6 

107 

■  4-5 

127 

12-3 

g  a.m. 

14-9 

I  8 -2 

i3-4 

1 3-0 

12  -3 

12-3 

12-6 

127 

9*4 

1 1  "I 

i5-i 

127 

i3-i 

10  a.m. 

14  '5 

187 

'4-3 

.4-3 

i3-2 

1 3  '9 

i3-3 

14-0 

107 

i3-5 

16 -g 

12-9 

14-2 

1 1  a.m. 

i5-8 

19-2 

'47 

.4-5 

137 

14-0 

i3-3 

i5-4 

11  -6 

14-3 

17-0 

i3-i 

'47 

Noon. 

17-5 

'9  7 

i5-i 

14  "3 

i3-8 

14-0 

14-1 

i5-4 

12  -2 

147 

i6-i 

i3-2 

1 5  -o 

I  p.m. 

18 -6 

21  -3 

16 -3 

'4  7 

l5  M 

14-5 

14-2 

i5-5 

127 

i5-6 

16  -g 

14  "5 

i5-8 

2  p.m. 

17-0 

20  "4 

i5-8 

i5-2 

14  '5 

14-0 

14-3 

i6-i 

12-4 

i5-5 

17  "4 

'3  7 

i5  "5 

3  p.m. 

16 -6 

19 '9 

l5  M 

14-9 

i5-4 

.4-3 

1 5  "3 

16  -o 

12  -8 

i5-5 

16  -2 

i3-i 

i5-4 

4  p.m. 

16 -5 

19  -3 

i5-2 

14-9 

14-4 

14-8 

i5-o 

1 5  "6 

12-3 

14-2 

i5-8 

12  -I 

i5  "0 

5  p.m. 

lb -6 

i8-i 

12-9 

14  '5 

i3-6 

14-5 

14  "5 

i5-5 

I  I  -2 

i3-4 

i5  -o 

II  -g 

14-2 

6  p.m. 

i5  -9 

16  '9 

II  -5 

i3-6 

i3-4 

14  "5 

14-2 

14  "4 

I  I  "O 

127 

14-5 

11  -g 

137 

7  p.m. 

1 5 '9 

167 

II  -5 

12-3 

12  -I 

i3-2 

127 

i3-i 

10 -4 

12  '2 

.5-4 

II  -g 

i3-i 

8  p.m. 

i5-9 

i5  -8 

I  I  -o 

127 

II  -6 

12  -5 

II  -6 

I  I   '2 

10 '2 

i3-2 

i6-2 

12  M 

12-8 

9  p.m. 

I6-I 

1 5  'o 

II  7 

12-4 

II   -2 

II  -I 

II  -2 

10  -I 

9-8 

12  -0 

1 5 -8 

11  -g 

12-4 

10  p.m. 

14-8 

i5  'I 

II  -9 

12-4 

10-4 

9-6 

lOM 

10  "5 

g-i 

II  7 

i5-8 

12  -0 

II  -g 

II  p.m. 

.5-4 

i5  •! 

II  "9 

12  -I 

10  •! 

9-6 

9-8 

10  'O 

8-9 

II  -4 

16 -5 

12  -I 

11  -g 

Midnight. 

14-3 

1 5  "o 

"•9 

II  -9 

9-8 

9-2 

9-9 

97 

g-o 

10  "9 

16  '5 

II  7 

II  -6 

Means 

.5-4 

17-0 

12-8 

12-8 

II  -6 

II  -8 

"  -9 

12  -2 

10  'O 

12  -5 

157 

12  -5 

1 3  "0 

Greatest  Hourly  1 
Measures       -  J 

55 

42 

53 

42 

38 

4' 

26 

35 

3i 

44 

47 

37 

Least       Hourly  "1 
Measures       -  J 

0 

2 

0 

1 

■    1     ° 

0 

I 

I 

0 

0 

0 

0 

(Ixii) 


Amount  of  Rain  collected  in  each  Month. 


Amount  of  Rain  collected  in  each  Month  op  the  Year  1877. 


Number 
■877.                  of 
MONTH.           Kainy 
Days. 

Monthly  Amoant  of  Rain  collected  in  each  Gauge. 

Self-; 

registering 

Gauge  of 

Osier's 

Anemometer. 

Second 

Gauge  at 

Osier's 

Anemometer. 

On  the  Roof 

of  the 
Octagon  Koom. 

On  the  Roof 

of  the 

Library. 

On  the  Roof 

of  the 
Photographic 
Thermometer 

Shed. 

Crosley's. 

Gauge 
partly  sunk 

in  the 

Ground 

read  daily. 

Gauge 

partly  sunk 

in  the 

Ground 

read  Monthly. 

On  the 

"Royalist" 

Police 

Ship. 

January 23 

February 18 

March '      17 

April 20 

May :     10 

June 7 

July i5 

August 17 

September 11 

October 1     i3 

November  . . , . :      18 
December  ....      17 

2  -659 
0-672 
1-448 
2  -482 
0-757 
0-496 
I  -773 
2-214 

0  -672 

1  -160 
I  -891 
I  -196 

In. 

2-858 
0-739 

1  -592 

2  -570 

0  -870 
0-535 

1  -816 
2-344 
0-790 
1  -196 
1-884 
1  -258 

3-237 
I  -245 
I  -848 
2-797 
I  -066 
0-563 
2-117 
2-578 

0  -952 

1  -492 
2-443 
I  -009 

3-877 

1  -340 

2  -i33 
3-126 

1  -261 
0-555 

2  -161 
2  -792 
1  -177 
I  -610 
2-636 
1  601 

4  -120 

1  -607 

2  -102 

3  - 1 94 
I  -253 
0-642 
2-445 
2-886 
1  -120 
I  -702 
3-287 
I  -724 

4-720 
I  -800 
2-440 
3  -620 
1  -535 
0-760 
3-220 
3  -340 

1  -365 

2  -2o5 
4-250 

I  -975 

4  ■•347 

1  -710 

2  -23o 
3-349 

1  -376 
0-683 
2-457 

2  -905 
I  -145 
I  -781 

3  -529 
1  -764 

In. 

4-36 

1  -67 

2  -32 
3-28 

1  -3 1 

0  -52 
2-45 

2  -go 

1  -08 
I  -83 
3-5i 
I  -go 

In. 

3-443 
I    -370 
1    -915 

2 -316 
1-190 

0  -460 
2-198 
2-475 
0-690 

1  -412 
2-441 
'  '497 

Sums 186 

17-420 

18-452 

21  -847 

24-269 

26  -132 

3i  -200 

27-276 

27  -13 

21  -407 

The  heights  of  the  receiving  surfaces  are  as  follows  : 


Above  the  Mean  Level  of  the  Sea. 
Ft.    In. 


Above  the  Ground 
Ft.    In. 

5o 

8 

38 

4 

22 

4 

The  Two  Gauges  at  Osier's  Anemometer 2o5     6  

Gauge  on  the  Roof  of  the  Octagon  Room 193     2  

Gauge  on  the  Roof  of  the  I/ibrary 177     2  

Gauge  on  the  Roof  of  the  Piiotographic  Thermometer  Shed 16410  

Crosley's  Gauge 1 56     6  

The  Two^Gauge.s  partly  sunk  in  the  Ground 1 55     3  

Above  Level 
of  River. 

Gauge  on  the  "  Royalist  "  Police  Ship,  moored  in  Blackwall  Reach .        170  8     8 

In  the  month  of  August  the  "  gauge  partly  sunk  in  the  ground,  read  monthly  "  was  found  to  be  leaky ;  the  value  adopted  is  that  given 
liy  the  adjacent  similar  gauge,  read  daily. 


Above  Deck. 
Ft.  In. 


ROYAL  OBSERVATORY,  GREENWICH. 


OBSERVATIONS 


LUMINOUS    METEOES. 


1877. 


(Ixiv) 


Observations  of  Luminous  Meteoes. 


Month  and  Day, 
1877. 

Greenwich 
Mean  Solar  Time. 

Observer. 

Apparent  Size 

of  Meteor  in 

Star-Magnitades. 

Colour 
of  Meteor. 

Duration 

of  Meteor  in 

Seconds  of  Time. 

Appearance 

and  Duration 

of  Train. 

Length  of 

ileteor's 

Path 

in  Degrees. 

No.  i'--.- 
Kefer- 
ence. 

February           i 

h     m      E 
8,39.17 

P.,  II. 

2 

Bluisli-white 

1-8 

None 

18 

1 

Febniary           8 

8.  16.00 

J. 

<  I 

Red 

I 

None 

20 

2 

February         26 

6.  18.    0 

G. 

Jupiter  X  2 

Blue 

8 

Broad  flaming  tail 

i5 

3 

March               14 

9.    6.    0 

N. 

2 

Bluish-white 

0-4 

None 

5 

4 

April                 24 

10.  20.    0 

0. 

1 

Bluish-whife 

0-6 

Slight 

7 

5 

July                  20 

11.  22. 

E. 

Jupiter 

\Vhite 

0-3 

None 

10 

6 

August              5 

10.  25. 45  + 

y\. 

>  1 

Bluish-white 

l"o 

Train ;  8^  or  io= 

7 

August              7 

11.39.  '5 

N. 

1 

^Vhite 

0-5 

Train 

8 

„ 

1 1.  39.  20 

N. 

>  I 

Bluish-white 

0-8 

Train 

9 

J, 

1 1 .  4 1 .  3o 

N. 

>  1 

Bluish-white 

I 

Fine  train 

10 

„ 

12.  14.35 

N. 

2 

Bluish-white 

0-7 

Train 

10 

11 

„ 

12.  16.  40 

N. 

3 

Bluish-white 

0-4 

None 

5 

12 

5' 

12.  28.49 

N. 

I 

Bluish-white 

0-7 

Fine 

10 

lo 

August               9 

g.  i5.    0 

G. 

, 

Blue 

0-8 

7 

14 

" 

10.  i5.    0 

H. 

Jupiter 

Green 

4 

Fine 

i5 

August            10 

10.37.    5 

N. 

1 

Bluish-white 

1 

Fine 

16 

16 

jj 

10.  53.  55 

N..  G.,  S. 

>  1 

Bluish-white 

o'8 

Very  fine ;  4- 

17 

J) 

10.  54.  24 

N. 

1 

Bluish-white 

0-8 

Train 

10 

18 

11.    1.48 

N. 

4 

Bluish-white 

o'5 

None 

5 

'9 

,, 

11.  12.  22 

N.,  G. 

2 

Bluish-white 

0-7 

Fine 

5 

20 

J, 

II.  18.    0 

N. 

2 

Bluish-white 

0-7 

Train 

8 

21 

,, 

II.  1 8.  40 

N. 

1 

Bluish-white 

1 

Fine 

i5 

22 

jj 

11.  22.40 

G. 

I 

Bluish-white 

4 

Fine ;  2" 

23 

" 

1 1 .  43.  35 

N. 

1 

Bluish-white 

I 

Train 

i5 

24 

August            1 1 

10.  55.41 

N. 

2 

Bluish-white 

o"7 

Train 

10 

25 

J, 

II.    8.29 

N. 

2 

Bluish-white 

o"7 

Train 

12 

26 

J, 

II.  i3.  19 

N. 

2 

Bluish-white 

O'A 

None 

4 

27 

'^ 

II.  21.  19 

N. 

1 

Bluish-white 

0-8 

Fine 

10 

28 

11.25.     0 

N. 

3 

Bluish-white 

o'5 

8 

29 

11.44.    8 

N. 

>  1 

White 

>  1 

Fine 

3o 

j^ 

11.56.48 

H. 

3 

•                        • 

I 

3i 

jj 

11.57.44 

N. 

>  1 

White 

>  1 

Fine 

32 

^^ 

I  2.    0.  i3 

N. 

2 

Bluish-white 

0-7 

Train 

's 

33 

,, 

12.    3.    8 

N. 

0 

Bluish-white 

0-5 

SUght 

5 

34 

12.    3.55 

N. 

2 

Bluish-white 

0-7 

Train 

8 

35 

^^ 

12.    7.17 

H. 

3 

White 

1 

36 

" 

12.    8.  18 

N. 

Jui)itor 

Blui.'^h-white 

>  I 

Ver\'  tine 

20 

3; 

12.  19.42 

N. 

2 

Bluii^h-white 

0-5 

Train 

5 

38 

12.  22.  17 

II. 

2 

White 

0-8 

. 

3q 

,^ 

12.  26.06 

N. 

>  I 

Bluish-white 

>  I 

Very  fine 

40 

j^ 

12.28.    5 

N. 

3 

Bluish-wliite 

0-5 

Slight 

7 

4' 

,^ 

12.  .35.    2 

N. 

4 

Bluish-white 

0-5 

None 

8 

42 

,, 

12.37.    7 

II. 

2 

White 

o'5 

43 

j^ 

12.41.  56 

N. 

3 

Bluish-white 

o'5 

Train 

q 

44 

12.  44.31 

N. 

3 

Blui.sh-white 

o'5 

Train 

6 

45 

J, 

12.  45.46 

N. 

3 

Bluish-white 

0-5 

Train 

4 

46 

^] 

12.  46.  06 

II. 

I 

Bluish- white 

2 

Train 

47 

jj 

12.47.42 

N. 

2 

Bluish-white 

o"5 

Train 

8 

48 

,, 

12.  5i.  56 

II. 

I 

Hluish-whitc 

2 

Traiu 

l3 

49 

„ 

12.54.    ° 

N. 

I 

Bluisli-white 

1 

Fine 

10 

5o 

.^ 

12.  56.  5i 

II. 

2 

Wliite 

I 

5i 

" 

i3.    2.    6 

II. 

1 

IMuc 

2 

Train 

52 

August  8.  Sky  c 

oudy  throughout. 

\ugtist  9.  Sky  gene 

rally  cloudy. 

August  10.  Sky  \ 

ery  cloudy. 

/ 

August  II.  Sky  clou 

ly  till  10'',  when  break 

s  appeared ;  cloudlcb 

s  from  10''.  35"^,  but 

misty  at  tim 

AT   THE   ROYAI,    OBSERVATORY,   GREENWICH,   IN   THE   YeAR    1877. 


(hv) 


No.  for 
Kefer- 
I'nce. 


Path  of  Meteor  through  the  Stars. 


'9 


23 

24 


26 

27 
28 
29 

3o 
3i 
32 
33 
34 
35 
36 

57 
38 
39 
40 

41 
42 
43 

4+ 
45 
46 

47 
48 

49 
5o 
5i 


Appeared  near  ^  Ursa?  Minoris,  passed  about  4°  to  right  of  Polaris. 

From  a  little  below  B  Cassiopeia?,  moved  towards  tj  Pegasi. 

Brighter  than  the  Moon,  and  seen  in  twilight,  a  very  brilliant  object.     Moved  from  a  point  about  7°  to  right  of  and  above  the 
]Moon,  disappeared  at  a  point  about  the  same  relative  position  to  left  of  Moon,  passing  (at  center  of  path)  about  5°  above  the 

[Moon. 
From  direction  of  Aldebaran  fell  on  path  parallel  to  line  joining  y  and  ^  Orionis. 

From  near  a  Canum  Venaticorum  moved  in  direct  line  towards  and  disappeared  a  short  distance  from  S  Ursse  Majoris. 

Passed  about  7°  to  west  of  a  Aquila;,  moving  downwards  parallel  to  a  line  joining  a.  and  S  Aqnilae. 

From  between  a  and  fx.  Herculis  to  a  point  4°  or  5°  to  the  left  of  >.  Serpeutis.    Passed  exactly  over  a  Herculis. 

Passed  between  t  and  ?  Ursaj  Majoris  and  across  a  Canum  Venaticorum. 

Passed  about  midway  between  ■^  UrsK  Majoris  and  7  Bootis,  moved  on  path  parallel  to  line  joining  y  Bootis  and  Arcturus. 

From  near  6  Draconis  to  a  Corona;  Borealis. 

Across  5  and  X  Aquilae. 

Passed  above  6  Aquila;  to  vj  Aquila;. 

Pa.sseil  across  8  Cygni  and  y  Lyrse. 

From  about  midway  between  a.  and  /3  Ursaj  Majoris  moved  directly  towards  a  Canum  Venaticorum. 

Appeared  near  a  Capricorn!,  passed  behind  a  cloud  ;  re-appeared,  and  finally  disappeared  a  short  distance  from  the  horizon. 

Passed  from  a  point  about  2°  below  Polaris  to  /3  Ursse  Minoris. 

Passed  a  little  above  a  Cassioneiae  and  moved  at  right  angles  to  line  joining  a  and  /3  Cassiopeife  towards  X  Andromedae. 

Passed  across  a  and  y  Cygni. 

Passed  across  a  Cassiopeise  from  a  point  slightly  below  p  Cassiopeiae. 

Short  path  about  7°  to  left  of  and  parallel  to  line  joining  a  and  8  Persei,  moving  from  direction  of  e  Cassiopeia. 

Passed  across  (3  and  ij  Pegasi. 

Passed  above  a  Delphini  and  across  7  Aquilas. 

From  near  a  Cygui  passed  behind  clouds,  and  disappeared  uear  a  AquUfe. 

From  a  point  near  a  Cephei  passed  across  zenith,  moving  from  direction  of  Perseus. 

From  direction  of  e  Cassiopeise  passed  midway  between  Polaris  and  7  Cephei. 

Passed  midway  between  (3  and  7  Andromedte  towards  7  Pegasi. 

From  direction  of  9  Cassiopeite  passed  between  a  and  vj  Cassiopeiae. 

From  S  Cassiopeia  passed  across  ij  Cassiopeia. 

Appeared  about  7°  above  a.  Andromedfe  and  moved  towards  a  Pegasi. 

From  direction  of  a.  Andromedae  passed  laetween  a.  and  7  Pegasi  to  7  Piscium. 

From  a  Cygni  disappeared  about  7°  to  left  of  8  Cygni. 

Moved  from  direction  of  Polaris  to  5  Draconis. 

Passed  across  a.  Audromed»  towards  7  Pegasi. 

Passed  almost  midway  between  /3  Ursa;  Minoris  and  a  Draconis,  moving  from  0  Camelopardali. 

Passed  2°  to  left  of  7  Ursoe  Minoris  to  a  Draconis. 

From  ,9  Trianguli  passed  between  7  and  a.  Trianguli. 

Passed  between  a.  Lyras  and  7  Draconis  to  a.  Herculis. 

Short  path  uear  <p  Draconis,  moving  from  direction  of  t  Draconis. 

From  a  Persei  disappeared  uear  8  Persei. 

From  a.  Cassiopeiae  passed  across  X  Andromedae. 

Passed  midway  between  /3  Pegasi  and  a  Andromedae,  moving  from  direction  of  a.  Pegasi. 

Passed  midway  between  ,9  and  7  Draconis,  moving  from  ^  Draconis. 

From  8  Cassiopeise  disappeared  near  7  Cassiopeiae. 

From  direction  of  7  Cephei  passed  across  x  Draconis. 

From  a  point  midway  between  /S  Cassiopeiae  and  ^  Cephei  moved  to  ^  Cephei. 

From  /3  Cassiopeiae  moved  on  line  of  continuation  of  line  joining  ^  and  7  Cassiopeia;. 

From  a  point  midway  between  7  and  B  Draconis  disappeared  near  ?  Herculis. 

Passed  between  ^  and  7  Andromedie  and  about  3''  below  ^  Andromedae. 

From  ?  Draconis  disappeared  near  ^  Draconis. 

From  direction  of  a  Cephei  to  a.  Lyrae. 

From  B  Pegasi  disappeared  near  /*  Pegasi. 

From  a.  Pegasi  disappeared  near  a  Andromedae. 


Greenwich  Magnetical  and  Meteorological  Observations,  1877. 
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Obsertatioxs  or  Lonxors  Meteors. 


Month  and  Dav, 
iS--. 


August  1 1 


Greenwich 
Mean  Solar  Time. 


Obserrer. 


Apparent  Siie 

of  Meteor  in 

Star-Magnitudes. 


August  14 


August 


August 

l3 

August 

5i 

September 

2 

September 

5 

October 

H 

October 

29 

November 

3 

November 

12 

November        i5 


November  14 
November  20 
December  q 


Deccml>er         1 2 


Colour 
of  Meteor. 


Doradon 

of  Meteor  in 

Seconds  of  Time. 


10.    q.  10 

10.  9.  56 
l3.  l8.  22 
l3.  21.  o 
l5.  20.  37 
i3.  29.46 
l3.  02.  i5 
1 3.  34.  33 
1 3.  3~.  35 

q.  1 1.  23 
q.  1 1 .  40 

1  o.  So.  1 2 

S.  07.  55 

11.  7. 

12.  4.  o 
10.  24. 

8.  14.  20 

10.  1.04 

9.  10.  i5 

11.  3i. 

12.  25. 

i:.  4.  : 
12.  i5.  20 

11.  27.34 

12.  4.17 
12.  8.  17 
12.  22.    2 


12.  01.  17 
14.  18.02 
14.  19.57 
14.21.  2 
14.49.  12 
1 4.  55.  2  7 
i5.    2.  12 

ic.  44.  45 

9.  12.24 

S.  II.    c 


.09. 


10.  10.  07 

1 1.  20. 
II. 21.    8 
II.  24.  l3 
11.36.52 
ii.3q.  3z 


N. 
H. 
N. 
H. 
N. 
N. 
H. 
N. 
H. 

N. 
N. 

N. 

N. 
J. 

N. 

J. 

N. 

N. 

N. 

N. 

N. 

N. 
N. 

N. 

J. 

J. 

J. 

J. 

J. 

J. 
E.,  J. 

E. 
E.,  J. 
E.,  J. 

E. 

J. 

N. 
J.,  H. 


H. 
S. 

N. 
G. 
N. 
N. 
N. 
N. 


<  M.irs 


Jupiter 
Mars 

>  I 

Mars 
:Mars 

>  I 

I    X  3 


Sirius 


Venus 

>  Venus 

Venus  X  2 

Mars  X  2 
Jupiter 


Bluish -white 

^Vhite 
Bluish-white 

White 
Bluish-white 

^Vh4te 
Bluish-white 
Bluish-white 

^Vhite 

Bluish-white 
Bluish-white 
Bluish-white 

Bluish-white 
White 

Bluish-white 

Eetldish 

Bluish-white 

Bluish-white 

White 

Yellowish 

Blnish-white 

Bluish-white 
Bluish-white 

Bluish-white 

White 

Blue 

White 

Bluish-white 

Blue 

Blue 

Bluish 

Yellowish 

Reddish 

Bluish-white 

Blue 

TeUowish 

Yellowish 

Blnish-white 


Red 
Bluish 

Bluisli-white 
Bluish-white 

White 
Yellowish 

\\'hire 

White 


Appearance 

andBanuion 

of  Train. 


length  of        y;^_f^ 


Meteor 
I  Fath 
I  inDesrees. 


I 

0-5 

3 

0-7 

I 

o-S 

I 
o"5 

o"5 
o'5 


0-7 

>  I 

I 

0-8 

>  I 

I 

I 
I  "5 

I 
o'S 

I 

I 

I  '5 
0-5 
o'5 
o'5 
0-3 

O'O 


o"4 


0-8 


Slisht 
Train 
Train 

Train 
Fine:  2* 
Train 
Slight 
None 

Train 
Ti-ain 
SUght 

Train 
None 

Train 


Train 
Train 

Fine  train 

!  Train 

Train 

Fine 
Fine 

Train 
Splendid;  3- 
None 
None 
None 
None 
Fine;  1* 
None 
None 
None 
None 
None 

Faint 

Fine 

Splendid;  2= 


Slight 
None 

None 
Slight 
None 
Train 
Train 
Fine 


i5 


16 


August  13  and  13.  Sky  cloudy.  November  12'.  12|'.  Sky  covered. 

Kovember  14.  A  little  cloud  was  occasionally  present  till  i,?'  ;  the  sky  then  became  overcast. 


AT  THE  Royal  Obsekvatoby,  Geeexwich,  i.v  the  Yeab  1S77. 
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No.  for 
Befer^ 


Path  of  Meteor  throu^  the  Star*. 


23 

24 
25 

26 

27 
28 
29 

So 
3i 

32 

33 
34 
35 

36 

37 
38 


39 
40 

41 

42 

43 

44 
45 
46 


Moved  from  direction  of  a  point  midway  between  Polaris  and  7  Cephei  and  passed  midwaj  between  I  and  ift  Draconis. 
From  a  point  1  o^  to  right  of  Polaris  disappeared  near  that  star. 

3  From  direction  of  t  Cassiopeije  passed  near  P  Camelopardali. 

4  I  From  P  Camelopardali  disappeared  near  a  Ursa;  Majoris. 

5  '  Moved  directly  towards  a  Ur.ss  Majoris  from  direction  of  S  Ursa  Minoris. 

6  I  Passed  about  1'  above  Polaris  (at  center  of  path)  moving  from  direction  of  y  Cassiopeiae. 

7  From  a  Arietis  disapf>eared  near  c  Moscse. 

8  [  Appeared  between  s  and  ^  Ceti  and  passed  abont  2'  to  the  left  of  the  latter  star. 

9  From  Polaris  disappeared  near  ^  Urs*  Minoris. 

10  Passed  between  f  Aqaibe  and  a  Ophinchi  and  between  ij  Serpentis  and  y  OphiachL 

1 1  1  Passed  near  to  5  and  ,3  Hercnlis. 

12  '  Passed  between  54  and  5 1  Andromedae,  moving  from  upper  part  of  Persens. 

1 3  From  a  point  between  s  and  ij  Ophinchi  passed  about  2'  to  right  of  6  Ophinchi. 

14  t  Passed  about  5'  above  ,  Ursae  Majoris  and  disappeared  near  y  Booids. 

1 5  I  From  ij  Atuigse  passed  between  t  and  6  Auriga. 


Appeared  about  5'  below  Polaris  and  disappeared  about  1 0°  above  a  Ursse  Majoris. 
From  near  a  Lyras  passed  about  5'  to  left  of  t  Hercnlis. 
Passed  a  little  below  a  Andromedse  to  a  PegasL 


19  From  direction  of  Polaris  passed  between  a  and  t  Ursae  Majoris  towards  y  Ursje  Majoris. 

20  Passed  midway  between  ^  and  6  Ursae  Majoris  and  between  y  and  x  Ursae  Majoris. 

2 1  From  y  Arietis  to  7  Pegasi. 


Passed  between  a  and  t  Ursae  Majoris  and  between  a  Draconis  and  7  Ursae  Minoris. 

Passed  nearly  midway  between  f  Ursae  Majoris  and  ^  Ursje  Minoris  and  near  a  Draconis,  moving  towards  ij  Draconis. 

Passed  across  ^  and  /x  Pegasi,  path  parallel  to  line  joining  a  Andromeds  and  a  Pegasi. 
Passed  from  direction  of  Castor  across  38  Lyncis. 
From  Pollux  to  e  Leonis. 

From  about  10'  east  of  ^  Anrigs  to  near  38  Lyncis. 
From  Pollux  to  near  40  Lyncis,  wavy  path. 
From  I  Geminorum  to  ,  Ononis. 
Passed  from  Iie?ulns  to  «  Hydrae. 

Passed  about  3°  to  right  of  k  Ursae  Majoris  and  moved  towards  u.  Ursse  Majoris. 

From  a  point  about  4-  from  fi.  Ursae  Majoris  in  direction  of  Eegulns,  moved  to  jtt  Ursae  Majoris.     Path  rather  curved- 
Passed  5"  to  right  of  >.  Ursae  Majoris  moving  towards  Eegulus. 

Passed  between  >.  and  it  Ursae  Majoris,  bm  rather  nearer  to  >,  moved  in  direction  of  8  Leonis. 
Passed  nearly  across  '.  Ursse  Majoris,  moving  from  direction  of  ?  Aurigae. 

From  fj.  Ceti  towards  7  Pegasi. 

From  above  t  Ursse  Majoris  passed  nearly  midway  between  a  and  3  Ursae  Majoris.     Line  of  flight  nearly  parallel  to  line  joining  i 

[and  p  Ursae  Majoris. 
From  near  /.  Draconis   passed  almost  midway  between  a  Draconis  and  Polaris,  and   disspipeared   a  little  below  a.  Lyrae. 

(Mr.  B.  Dennison  also  observed  this  meteor,  and  described  it  as  "  appearing  about  6'  or  7^  below  Polaris,  and  disappearing 

abont  1'  to  the  left  of  and  just  below  a  Lyrae.") 
Appeared  near  i  Ursae  Majoris,  bisecting  a  line  joining  7  and  €  Ursae  Majoris,  and  passed  nearly  vertically  downwards,  inclining 
From  between  I  and  e  Orionis,  disappeared  a  little  to  right  of  3  Ononis.  [a  little  to  the  le& 

Passed  across  the  Heiades  nnrving  from  direction  of  3  Tanri. 

Appeau-ed  a  little  below  S  Ursae  Majoris,  moved  directly  towards  and  disappeared  near  a.  Cannm  VenaticoomL 

Passed  across  7  Eridani  at  right  angles  to  line  joining  7  and  Z  Eridani.     ( Moving  from  direction  of  Auriga.) 

From  direction  of  3  Orionis  passed  across  e  Leporis. 

From  1  AttrigEB  to  5  PerseL 

Passed  midway  between  a.  Arietis  and  a  Ceti  (moviiig  fixwo  direction  of  the  Pleiades)  and  disappeared  abont  10'  to  left  (rf  Mars. 


(Ixviii) 


Observations  of  Lusiinous  Meteors, 


Month  and  Day, 
1877. 


Greenwich 
Mean  Solar  Time. 


Apparent  Size  ^.^^^^ 

of  Meteor  in  of  Meteor. 

Star- Magnitudes. 


Duration  |        Appearance 

of  Meteor  in  and  Duration 

Seconds  of  Time.  of  Train. 


Length  of    j^^f^^ 
Meteor  s 
Path 
in  Degrees. 


Befer- 


December 


Decembei- 


11.44.  5 
1 1.  48.  09 
11.5.).    8 

11.  56.  46 

12.  4.  20 


White 
White 
White 
\Miite 

Bluish-while 


0-4 
0-7 
0-3 

0-5 

0-7 


None 


None 
None 


None 


AT  THE  Royal  Observatory,  Greenwich,  in  the  Year  1877.  (Ixix) 


No.  for 
Refer- 
ence. 


Path  of  Meteor  through  the  Stars. 


From  near  44  Eridani  to  12  Tauri.     Path  nearly  horizontal.    Very  rapid  motion. 

From  0  Ceti  towards  ^  Ceti.      Rapid  motion. 

From  about  2°  to  left  of  e  Tauri  to  Aldcbaran. 

From  between  ^  and  1  Auriga)  passed  between  8  and  t  Persei. 

From  a  point  about  2^  below  rj  Ursse  Majoris  to  8  Canum  Venaticorum. 


Greenwicu  Magnetical  and  Meteoeologicai,  OBsiajVATiONS,  1877. 


ROYAL  OBSERVATORY,   GREENWICH. 


APPENDIX 


TO   THE 


MAGNETICAL    AND    METEOROLOGICAL 
OBSERVATIONS, 

1877. 


MEAN  TEMPERATURE  OF  THE  AIR  AT  EVERY  HOUR  OF  THE 
DAY,  IN  EACH  YEAR  FROM  1849  TO  1868. 


Gbienwich  Magnbtical  and  Meteokological  Observations,  1877. 


^P 


(Lsxiii) 


It  having  been  suggested  that  a  table  showing  the  Mean  Temperature  of  the  Air  at 
every  hour  of  the  day,  in  each  year  from  1849  to  1868,  would  be  a  desirable  addition 
to  the  tables  contained  in  the  "  Reduction  of  Greenwich  Meteorological  Obser- 
vations, 18  i7  to  1873,"  the  annesed  table,  giving  such  particulars,  has  since  been 
prepared.  It  was  formed  by  re-arranging  the  numbers  given  in  Tables  XXXVIII.  to 
XLIX.  of  the  above-mentioned  work,  so  as  to  bring  together  all  the  months  in  each 
individual  year,  and  then  takmg  the  means  of  the  monthly  values  at  every  hour  of 
the  day  throughout  each  year.  The  table  is  analogous,  for  Temperature,  to  Table 
XIX.  for  the  Barometer,  included  in  the  same  work. 


A  2 


(Ixxiv) 


Hourly  Mean  Temperatuke  of  the  Air,  1849  to  1868, 


Meax 

of  the  Mean  Monthly  -Vaxues  of  the  Tempebatctie  of  the 

Year. 

Aggregate 
Number 
of  Days 

employed. 

Midnight. 

i'  a.m. 

2'-'  a.m. 

3''  a.m.     1 

4'  a.m. 

S^  a.m. 

6''  a.m. 

7''  a.m. 

S^  a.m. 

g^  a.m. 

10''  a.m. 

1 1    a.m. 

c 

0 

; 

0 

0 

^ 

c 

0 

c 

1849 

3o9 

47 'oS 

46 -77 

46-50 

46-25 

46-09 

46-17 

46-82 

48-08 

49-53 

5i-39 

52-85 

54-00 

i85o 

357 

46-14 

45-83 

45-52 

45-23 

45-00 

45-12 

45-77 

46-95 

48-46 

5o-2i 

51-97 

53-34 

i85i 

364 

46*00 

45-63 

45-27 

45  06 

44-88 

44-90 

45-50 

46-78 

48-34 

50-19 

5i-83 

53-31 

i852 

339 

47' »7 

46-89 

46-55 

46-36 

46-24 

46-28 

46-76 

47-92 

49-39 

51-36 

53-20 

54-58 

iS53 

3i5 

44-55 

44-31 

44-09 

43-86 

43-68 

43-74 

44-32 

45-50 

46-87 

48-43 

49-84 

50-90 

1854 

352 

45-55 

45- 13 

44 '79 

44-47 

44-24 

44-27 

44-76 

45-92 

47-64 

49-94 

5i  -90 

53  53 

1 855 

336 

43-85 

43-52 

43-22 

42-96 

42-85 

42-85 

43-28 

44-42 

46-02 

47-9> 

49-77 

5i  ■  10 

1 856 

346 

46-00 

45-72 

45-38 

45-00 

44-82 

44-83 

40-34 

46-56 

47-93 

49-88 

5i  -55 

52-81 

1857 

34. 

47-66 

47-30 

46-98 

46-67 

46-48 

46-49 

47-04 

48-40 

5o-i6 

52-18 

54-01 

55-52 

i858 

326 

45-88 

45-42 

45-04 

44-78 

44-59 

44-72 

45-37 

46-00 

48-20 

5o-25 

52- 16 

53-  76 

1859 

325 

47-37 

47-12 

46-79 

46-57 

46-40 

46-50 

47-10 

48-13 

49-63 

5i  -53 

53-29 

54-86 

i860 

33 1 

44-69 

44 '42 

44' '4 

43-97 

43-78 

43-88 

44-31 

45-34 

46-07 

48- 15 

49-67 

00-91 

1861 

297 

46-65 

46-28 

46-07 

45-82 

45-69 

45-86 

46-45 

47-52 

48-99 

50-74 

52-28 

53-75 

1862 

283 

46-31 

46-07 

45-84 

45-67 

45-54 

45-65 

46-17 

47-06 

48-35 

49-78 

oi-i5 

52-33 

1 863 

33o 

47-28 

46-87 

46-52 

46-28 

46-16 

46-27 

46-93 

48-20 

49-70 

51-54 

53-07 

54-01 

1864 

347 

45-45 

45-05 

44-73 

44-40 

44-20 

44-23 

44-80 

46-01 

47-70 

49-54 

5i  -27 

02-93 

1865 

358 

47-16 

46-76 

46-39 

46-14 

45-90 

45-87 

46-58 

47-87 

49-30 

01-33 

53-41 

55-20 

1866 

356 

47-20 

46-84 

46-61 

46-35 

46-19 

46-30 

46-90 

48-09 

49-49 

5i    18 

52-81 

54- 15 

1867 

346 

45-60 

45-30 

45-06 

44-83 

44-64 

44-71 

40-37 

46-65 

47-94 

49-54 

5i-o8 

52-42 

1868 

36o 

48-08 

47-62 

47-28 

47-02 

46-79 

46-93 

47-68 

49-34 

00-96 

53-02 

54-94 

56 -50 

Means 

'    Sum 

6718 

46-28 

45-94 

45-64 

45*38 

45-21 

40-28 

45-86 

47  ■°6 

48-06 

00-40 

52-  10 

55' J2 

W-tv, 

In  the  mo 

1th  of  Sept( 

>mber  1862 

,  the  photo 

•raphic  rec 

)ri]s  were  n 

ot  sntlicien 

tly  comph't 

0  to  be  use 

1.     The  va 

ues  givCB 

AT  THE  Royal  Observatory,  Greenwich. 


(Ixxv) 


Aji;  at  m- 

jry  Hour  of  the  Day,  for  each 

Year  from  1849  to 

1868. 

Noon. 

i''  p.m. 

i""  p.m. 

3"  P-m- 

4I'  p.m. 

S''  P-n>- 

6"  p.m. 

;''  p.m. 

8''  p.m. 

gi'  p.m. 

10''  p.m. 

11''  p.m. 

Yearly 
Meaus. 

Year. 

0 

55-25 

0 
55-72 

55-79 

55-58 

54  "79 

53-42 

52 -o5 

5o-66 

49-40 

48-46 

47-89 

47-41 

5o-33 

1849 

54-42 

55-00 

55-25 

55-02 

54-23 

52-99 

01-52 

5o- 12 

48-83 

47-86 

47-16 

46-63 

49  '53 

i85o 

54-46 

55- 1 3 

55'  20 

54-83 

53-92 

02-67 

5i  -33 

49-80 

48-60 

47-65 

46-97 

46-42 

49-36 

i85i 

55-81 

56-54 

56-67 

56-28 

55-37 

53-96 

52-48 

50-98 

49-69 

48-71 

48-12 

47-56 

50-62 

1 852 

51-99 

52-56 

52-78 

52-27 

51-55 

50-42 

49 '09 

47-82 

46-70 

45-83 

45-20 

44-74 

47-54 

i853 

54-84 

55-63 

55-88 

55-54 

54-42 

53 -o5 

5i-5i 

49-87 

48-48 

47-40 

46-64 

46-10 

49-23 

1854 

52-33 

52-97 

53-10 

52-58 

51-70 

5o-55 

49' '7 

47-64 

46-35 

45-31 

44-62 

44-16 

47-18 

1 855 

54-06 

54-59 

54-84 

54-41 

53-44 

52- 19 

5o-g2 

49-56 

48-42 

47-53 

47-02 

46-53 

49  "H 

1 856 

56-76 

57-38 

57-57 

57-20 

56-18 

54-72 

53-22 

51-74 

5o-38 

49-27 

48-60 

47-97 

5i  -24 

1857 

55-09 

55-78 

55-94 

55-51 

54-43 

53 -03 

51-62 

5o- 13 

48-82 

47  "7-5 

46-89 

46-28 

49-50 

1858 

56-09 

56- 81 

57-02 

56-68 

55-72 

54-34 

52-87 

51-43 

49 '97 

48-92 

48-33 

47 '79 

50-89 

1859 

52-08 

52-64 

52-70 

52-5i 

51-58 

50-37 

49-23 

47-95 

46-78 

45-93 

45-38 

44-98 

47-58 

i860 

55-10 

55-72 

55-93 

55-67 

54-61 

53-32 

51-96 

50-49 

49-21 

48-22 

47-56 

46-96 

50-04 

1861 

53-5i 

53-92 

54-07 

53-83 

53-08 

52-  II 

5i  -05 

49-73 

48-66 

47"77 

47-17 

46-67 

49-23 

1862 

55-94 

56-48 

56-70 

56-43 

55-28 

53*91 

52-46 

5i   12 

49-92 

48-86 

48-11 

47-53 

50-67 

1860 

54-38 

54-89 

55-14 

54-82 

53-82 

52-62 

5i- 16 

49-58 

48-28 

47-36 

46-70 

46-04 

48-96 

1864 

56-58 

57-24 

57-40 

56-98 

56 -06 

54-89 

53-38 

51-57 

00-08 

49-00 

48-31 

47-67 

5o-88 

1 865 

55-20 

55-82 

55-85 

55-50 

54-67 

53-72 

52-37 

5o-86 

49-54 

48-58 

48-02 

47-43 

50-40 

1866 

53-01 

54-03 

54-18 

53-82 

53-07 

51-99 

5o-66 

49-24 

48-06 

47-12 

46-52 

46-00 

48-81 

1867 

57-86 

58 -3o 

58-46 

58-17 

57-23 

56 -02 

54-36 

52-71 

5i-26 

5o-o4 

49-26 

48-66 

52-02 

1868 

54'77 

55-36 

55-53 

55- 18 

04-26 

53-01 

5i  -62 

5o- 15 

48-87 

47-88 

47-22 

46-68 

49-66 

n  the  abo 

'e  table  for 

the  year  i 

862  are  the 

means  of  t 

le  monthly 

values  for 

the  remaim 

ng  eleven  i 

aonths  of  i 

le  year. 

